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Ong^xtally  Cbmpos'd  bj  J.  T  a  y  l  o  r,  Gent. 

And  now  carefully  Revis'd  and  Corre6ied. 
To  which  if  added,  The  Ufe  and  Prafttce  of  ftvcral  Propofi- 

tim  aod  PnUtms  cbrowhout  the  whole  Work,  as  aifb  the  De^riptbn  and 
V&  of  both  Qloies,  ind  (bnie  of  the  chieftrft  Mathtmatical  Injiruments  both 
ftr  Sea md  Land.  With  mcigr  ochercodiidenUe  Additions  and  laiMOveaicms 
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To  the  READER. 

AT  the  V^fiqueft  (j  wy  Ymni  I  uniertook  the 
Reuifal.Md  Improvement  of  tfj^  Bo$kj  the 
d(nng  where cf  dm  coftnte  a  great  ied  c§ 
Time  end  Faiar^  but  1  hope  it  viU  redound  to  tbf 
greet  Benefit  and  Sati^aSion. 

I  have  nice//  Examined  the  fever  al  Problems  and 
PimolitioQs  throughout  the  tfibole  Work^  and  have 
made  fuch  Correffionsy  Alterations  and  Improvement e 
M  I  thought  neceffary^  and  do  hope  and  think  that 
thk  is  now  rendered  the  moft  ufejul  Book  that  woe 
eueryet  Fubtijhed  on  the  SubjeS^  info  Flcan^  Com^ 
fenmm  and  Pra&ca/a  manner^  but  that  I  mujifub< 
tmt  to  the  Judicious  and  Candid  Reftdcr.  ^     "^ 

f  have  added  many  new  Problems  and  Propofitionft 
with  their  Ufes  under  their  refpeffive  Heads-^  At 
a!fo  one  Entire  Tra3  cf  Cofmography  (which  mwf 
Jerve  at  a  very  neceffarylntroduSion to  the  Aftrooo* 
mical  and  Geograplucal  Vart  of  thk  Book)  A  Delcri* 
prion  and  U&(fthe  Globes,  <y/^r^tf  New,  wr^Eafia 
tmdCon^ndious  Method.  And  ladtf^  A  Defoiption 
tmd  the  Ufe  qffeverd  of  the  Vrincifal  and  moft  Ufe^ 
/ic/Mathen^tical  Inftruments,  which  will  be  ^ great 
Advantage  to  the  Reader  being  found  together  ^  anJt 
have  endeaoour'd  to  render  thk  Treafury  ^f  the 
Matfaematicks  at  XJfeful  and  VraQical  at  I  coud  i 
attdjhaH  only  wijh  the  Reader  P/eafure  in  the  Peru^ 
fat  theretfand  Succefs  in  aU  hk  Studies y  and  remain 

his  hearty  Well-wiflier   •)« 
twxdir,  and  Servant,         ^ 
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The    PRE  F  AC  E. 

HO  f^  dimlrMj  frofudbk  the  Study  of  the  Mtehema- 
tkki har  beeft  to  thefe  Britifli  Ifl^nds,  and  t^  dUothr 
Part  J  df^he  Univerftf  in  which  any  kfnd  of  good  hior^ 
ning  has  been  ejieemd  and  praiHs'd^  is  well  k^own  to  all 
ifrift  and  j/uUcisns  Aten,  And  indeed  it  is  an  mttdeniabh 
Truth,  that  among  all  humane  Arts  and  Sciences  whatfoever^ 
the  Noble  Science  Mathematical  hoe  obtatn'd  the  greateft 
evidence  of  certainty^  as  teing  the  ^een  of  Trstth  that  im^ 
fofeth  notmng  on  her  SubjeSls  hut  what  /he  proves  iy  mofi 
infalHHe  Demonfirations. 

Now  this  Prerogative  refnlts  from  the  Verity  and  Per-- 
fiicttity  of  its  Princifles^  wmch  conpfi  tf/' Definitions,  Po- 
flulars  ^  Axioms.  Hence  comes  it  to  fafs  that  aU  Propo- 
fitions  that  ate  fretid  by  thofe  mofi  infallible  Precepts  are 
oJW certain  demonftrative  Truths;  far  which  camft  it  hat, 
teen  the  endeavostr  offtsndry  Philolbphers,  to  mal^e  the  force 
of  their  Argnments  (  as  far  as  the  quidity  of  their  difcomrfe 
wonid  admit)  amount  unto  Mathematical  Demonftrations, 
ess  being  the  mofi'  convincing  Profffofa  Propofition  that  by 
bttmanereafimfi^  can  be  given. 

'  Now  having  for  divers  Tears  (amongfi  my  other  Studies) 
been  converfant  iu  the  Study  of  the  Mathematicks,  and  for 
my  own  private  ufe  comfildthis  Trentife^  never  in  the  lea^ 
intendifig  it /houid  have  afpea/d  in  fublick  in  this  nice  atU 
Critical  Age;  but  it  by  chance  falling  into  the  Hunds  offim9 
tfmj  Mathematical  Friends  and  Acquaintance,  /  have  at 
their  Requejl  condefcended  to  P ublifli.it ^  tho  not  without  M 
great  Averfim  in  mj  own  m'tnd  to  expyfe  my  felf  in  any  fub^^ 
Uck^  thing, 

Sut  this  Difficulty  being  overcome^  I  (hall  give  the  ItiW 

Ertial  Reader  to  tender ftand^  that  I  have  faithfully  cemfi^ 
i  this  Treatife  from  the  befi  ^/Authors  (  and  my  own  JEa:- 
feriencc  )  .  that  1  have  centroQed  their  various  Works  into 
this  little  Cabinet  or  choice  Compendium  of  the  Mathema- 
ticks,  in  which  he  will  find  the  whole  SubjeS  clearly  and 
inteUg^ly  handled :  1  have  us*d  a  plain  and  eafie  Method: 
J  h^tpe  Uimr*d  to  be  as  plain  and  perfpicuous  as  poffible :  I 
hum  ^9pijd  fuck  Examples  to  each  as  may  befi  demon  fir at0 
i  their 


The     PREFACE. 

thitr  Ofermim^  h  tmfi  edfie  fair  tmuwy^  dful  dfflkdbk  H 
frdiici  i  bert  is  indeed  Multum  io  parvo.  the  whole  Afar- 
low  of  the  MaChematicks  in  tins  Traa  afforded  tiee^ 
is  MS  a  true  dnd  Golden  Key  to  sinheJ^  the  choicijl^ 


AijSeries  in  thofe  Arts  contain  d. 
7%i 


fMs^  Reader,  I  hdve  Uid  my  Labossrs  bofere  thee^  W 
mufi  tntreai  thee  tonfsmoas  thon  wonldfih  done  fy^wbUb 
i  rie  Sponuneous  na  ^  every  good  Men. 

Bttt  If  this  (hJlchnnce  to  feu  into  the  Hends  of  mty  cttri^ 
ens  conceited  Perfrn^  who  thinks  himfelf  wifer  than  the  refi^ 
of  the  fViirldj  and  Jo  be  beginneth  envionfly  to  carfbereat^ 


7i/  metcb  eafier  for  t bofi  oiptioiii  Readers  to  corf  than  to 

Jf  the  CkylUQkm  of  Anthoa /ba&oS^  andfofro^ 
cmre  the  fame  cenjsire  with  the  Jackdtw,  as  oter^Ieami 
ed  Foot  bath  Uvnpnee  cautitnid  egninjt'^      .i 

Ne,  fi  fort^  mas  repetirum  venerit  ofim 
I       Grex  avium  plttmai^  moveat  comicuU  riTutn; 

Furrivis  nudata  ooloribus. 

I  would  bavefneb  coatendous  Reaifers  hw^^  that  I  bava 
rMed  no  Aian  of  the  Honont  #/  bit  W£»rks,  hot  have  given 
te  each  bis  dne\  only  I  have  borrowed  feme  choice  things  of 
them^  which  is  no  more  tbaa  what  the  mefi  learned  have  oL^ 
wofs  dene* 

Tbns^  Goatteouf  and  ImiMiittal  Reader,  *tis  onlyfrn^  thee 
thai  I' have  t^Jm  thefi  Pains,  and  have  fetbmitted  to  the 
fmbUaetms  iere^^  and  it  ff  to  thee  the  fntstre  farts  of  my 
Stfsdy  fiati  be  firvieeaUe^  hoping  that  tbonwibfindfisecofj 
inalttbj  Stttaies  according  to  thy  defire  an4  endeauot/r% 
whi^b  are  ated  fiall  be  the  hearty  wijbes  0}  bim  who  is 

VranU'o 

Scnraa^ 

John  Taylor. 

TO 


the  R  E  A  D  E  R. 

Bting  dcfvtA  to  Ferule  this  MkthmMhsU  Tr^Mfmy,  ac- 
^  cordingljr,  to  gratifie  the  Reqileft  of  my  Friend,  I 
did|  aod  I  mud  confefir,  with  no  fmall  Satisfa6Uon  to 
mj  felf  to  fee  fo  much  Ptaftical  Matterfof  ufef ul  Afd^ 
ttiemMtfCdl  Arts  fo  neatly  and  compendioufly  disefted 
into  this  Portable  Volume :  *twiD  be  uleful  not  oidy  to 
JUmurs  and  Aeer  Tjr^^  but  to  others  alio  who  have 
made  fome  con(iderabie  Progrefi  in  theie  Studies.  *Tis 
yiftViM^thadiz,%  very  C$9cife^  yet  Piaiff  and  Perff^cmm^ 
fo  that  any  Perfon  of  a  pregnant  Fancy|  may  without 
a  Tutor  (in  fome  reaibnabie  time)  wade  through  the 
whole  or  any  Part  thereof »  and  fuch  as  would  be  mora 
expeditious  may  talce^he  Afliftance  of  a  Teacher  to  in-, 
ftruft  them. 

The  Author  is  wholly  a  Stranger  to  me,  but  to  give 
him  his  due,  in  my  opinion  be  has  difcharg'd  hinuelf 
like  a  Mailer  in  thefe  Arts,  and  an  Ingenious  Matktmn^ 
tkiMi^  to  whom  I  return  Thaafa  for  this  his  generous  ^ 
Offer  in  prefenting  his  Mnbmsticdl  Treafmy  to  the 
FubUckj  and  reitiam 

A  trm  Lwer  0/  the  MMhm^uiotd  SH^ 
encesj  and  dU  fhch  thgt  redSi  delight  in 
tboff  ftiMfi%  (km  i^pfut)  SpecmMtiaiu^ 

Henry  Coley. 


'   "CiiittiHts  MesJir^ 

I  Have  Peniied  this  TreMttfi^  and  find  that  the  Authot 
has  in  every  refpeft  discharged  himlelf  KIds  an  Ani/t  y 
the  Work  througirout  the  whoie|  is  very  Plain  and  JSi^^ 
QOtfaiRg  being  omitted  that  might  render  it  Inttligiblo 
to  the  meandft  Capacity :  And  indead,  I  know  not  aiijr 
Treatife  of  this  nature  extant  that  is  more  PrafticaDy 
handled,  fo  that  i  doubt  not  but  that  it  will  be  very  fer- 
viceable  to  the  Publick;  and  that  thou  in  parocular 
mayft  find^Inoouragement  h  the  Perufil  thereof,  is  the 
hearty  Wijh  of  him  who  is 

Tbiffe  and  Trmh^s  Snvdnt^ 

^     John  Hawkins,  PbiUniath. 

Th» 
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CHAP.    I. 
Of  ARITHMETICK. 


"'"§  E  C  T.    I. 

R I T  H  M  E  T I C  K  is       ^^ . .  ^        ^   f^^^ 

an  Art  ot  numbering    ^^,^  „^;„^^  anflruffa  [unt^ 

well  ;  For  as  Magni-      Numerorum  vUentwr  ratiofif  for- 
tude.  or  Greatnefs  is  the  Sub-     niafa.    /foe  enim  fuh  prind* 

jea  of  Geometry^oi,  Multi-    {^J-^^  tS^ST 

tude,  or  Number  that  or  A-    ^^j^,  ^ 

Tithmetick* 

1  fltall  not  in  this  place  trouble  you  with  the 
firft  Rudiments  of  Arithmetick,  as  Numerati- 
on, Addition,  Subftradion,  Multiplication  and 
Divifton :  Becatift  they  are  already  largely 
bandied  by  many,  as  Mr.  Leybourn^  Mr.  Wiri'- 
gate^  and  divers  others ,  and  alfo  that  then 
tins  Book  would  fwell  to  too  big  a  Bulk  ioi  the 
Pocket,  and  fo  my  clefign  would  be  friiftrated ) 
I  (hall  therefore  only  propoie  and  operate  fome 

B  principal 


AritJjmetkal  Propojiuons. 

principal  Propofitions,  that  are  of  Special  Mo- 
ment in  Arithmetick,  and  which  moft  immedi- 
atelj  concern  the  other  following  Parts  of  this 
Treatife.     ' 

SECT.    I. 

§  I.     The  Explication  of  fome  Arithmetical  Pro-' 

pofitions. 

t  PROP.    I. 

To.  three  Numbers  giveriy  to  find  a  fourth  in  a 

direS  Proportion. 

To  operate  this  proportion  AJultiply  the  third 
Term,  by  the  fecond  Term,  and  their  Produdl  di- 
vide by  the  firft  Term,  the  Quotient  (hall  be  a 
fourth  Term  required.  Examp.  i.  Admit  the  Cir- 
cumference of  a  Circle  whofe  Diameter  is  1 4  Parts 
be  44  Parts,  what  is  the  Circumference  of  that 
Circle,  whofe  Diameter  is  21  Parts  >  Now  ac- 
cording to  the  Rule  if  you  multiply  the  third 
Term  21,  by  the  fecond  Term  44,  itproduceth 
924;  which  divided  by  the  firft  Term  14,  the 
Quotient  is  66,  and  fothe  Circumference  of  the 
Circle,  whofe  Diameter  is  2i^  will  be  66  Parts, 
and  fb  for  any  other  in  a  direft  Proportion. 

PRO  PJ  Ih 

To  three  Numbers  ghcn^  to  find  a  fourth  in  an 

hiverfed  'Proportion. 

To  operate  this  Propofition,  multiply  the  firfl 
Term  by  the  fecond  Term,  and  their  Produft 
divide  by  the  third  Term,  the  Quotient  is  tlw 

fourth 
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fourtb  Term  required :  Examp.  Admit  that  loo  '  §  !• 
Pioneers,  be  able  in  i  i  llours  to  caft  a  Mote  of 
a  certain  Length,  Breadth  and  Depth  ^  in  what 
time  Ihall  60  Pioneers  do  the  lame  ?  Now  if  ac- 
cording to  the  Rule,  you  multiply  the  firft 
Tain  100,  by  the  fecond  Term  1 2,  their  Pjo- 
du£t  is  1 200 ;  which  divided  by  the  third  Term 
5o,  the  Quotient  is  20,  fo  I  fay  tliat  in  20 
Hours,  60  Pioneers  Ihall  do  the  feme,  and  fo 
for  any  other  in  an  Inverfed  Proportion. 

PROP.    IIL 

To  three  Numbers  given^  to  find,  out  a  fourth  in 

a  duplicate  proportion* 

The  niture  of  this  Propofition  is  to  difcover 
fhe  Proportion  of  Lines  to  Superficies,  and  Su- 
I>erficies  to  Lines  \  for  like  Plains  are  in  a  Du- 
plicate Ratio  ^  that  is,  as  the  Quadrate  of  their 
Uomolcgal  fides  5  therefore  to  operate  any  Ex- 
ample in  this  Proportion,  Iquare  the  third  Term, 
and  its  Square  multiply  by  the  fecond  Term^ 
their  Produft  divide  by  the  Square  of  the  firft. 
Term,  the  Quotient  is  the  4th.  Term  fought. 
Examp.  Admit  tlnerebc  tw0  Geometrical  Squares^ 
now  if  the  ffdeof  the  greater  Square  be  50  Feet, 
and  require  3000  Til^  to  pave  it  5  what  Num- 
ber fhail  the  lefler  Square  require,  whofe  fide  is*^  . 
?o  Feet  ?  To  operate  this  according  to  the  Rule, 
I  (quare  the  third  Term  30,  whofe  Square  is  900 : 
Then  I  multiply  it  by  the  fecond  Term  3000, 
its  Product  is  2700000,  which  divided  by  250Q, 
the  Square  of  the  fiift  Term  50,  the  Quotient 
is  Jtc8o^  and  lb  many  Tiles  will  pave  the  lefler 
Sqpitfe,  whofe  £[de  is  30  Feet. 

B  2  P  It  0-     X 
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^  '•  p  R  o  P.   IV. 

To  three  Numbers  given,  to  find  a  fourth  in  a 

Triplicate  Proportion. 

fhe  Nature  of  this  Propofition  is  to  difco-^ 
ver  the  Proportion  of  Lines  to  Solids,  and  So- 
lids to  Lines  -,  for  like  Solids^  are  in  a  Triplicate 
Ratio,  that  is  to  the  Cubes,  of  their  Homolo- 
gkl  fides  :  Therefore  to  operate  any  QiTeftion 
in  this  Proportion,  Cube  the  third  Term^  and 
this  Cubei  multiply  by  the  fecond  Term,  and 
their  Produft  divide  by  the  Cube  of  the  firft 
Term  5  the  Quotient  is  the  fourth  Term 
fought.  Examp.  Admit  an  Iron  Bullet  whofe 
Diameter  is  4  Inches,  weigh  9  Pounds  5  what  is 
the  Weight  of  that  Bullet  whofe  Diameter  is  6 
Inches  ?  Now  to  operate  tliis  Proportion  •,  &ft 
according  to  the  ^ule,  I  Cube  the  third  Term  &  ,. 
whofe  £ube  is  2163  then  I  multiply  its  Cube' 
by  the  fecond  Term  9^  the  Produft  is^  if/^' 
which  divided  bjr  64,  the  Cube  of  the  fifft 
.  Term  5  the  Quotient  is  3o|^  Pounds  which  is 
equal  unto  30  /.  6  Ounces :  Which  is  the  Weigjht 
of  the  propounded  Shot  i  and  fo  for  any  other. 

p^  R  o  P.  y. 

'To  two  Numbers  given  ^  to  jini  out  a  thirds 
fourth^  fifths  fixth^  &c.  Numbers  in  a  conti- 
nual Proportion. 

To  operate  this  Proportion,  you  muft  mul- 

iply  the  fecond  Number  by  it  felf,  and  that 

Produa  divide  bjr  the  firft  Term^  the  Quotient 

fs  a  third  proportional ;  Again  you  muft  multi- 
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pl7  the  third  Term  hj  it  felf,  and  its  Quadrate  §  i» 
divide  by  the  fecond  Term^  the  Quotient  is  a 
fourth  proportional)  and  fb  after  this  manner  a 
fifth,  iixth  i  or  as  many  more  Proportionals  as 
70U  pleafe  may  be  found  :  Examp.  Let  it  be 
leqiured  to  find  ^x  Numbers  in  a  continual  Pro- 
portion to  one  another  ^  as  4  to  8.  To  operate 
this  firft  according  to  the  Rule,  I  multiply  the 
lecond  iTerm  8  by  it  felf,  the.  Produd:  is  ^4> 
which  divided  by  die  firft  Term  4,  the  Quoti- 
ent is  16 :  Sp  is  4)  8,  and  16  in  a  continual  Pro^ 
portion )  And  fo  bbferving  the  Rules  prefcribed, 
proceed  in  your  Operation  until  you  have  found 
your  fix  Numbers  in  a  continual  Proportion  5 
which  in  this  Example  will  be  4,  8,  i5,  32,  64, 
and  1 28,  and  lb  will  you  have  form*4  fix  Num- 
bers in  a  continual  Proportjoxv 

P  R  O  P.    VI. 

Betxioeen  tvoo  Numbers  given^  "to  find  out  a  mtan 
Arithmetical  Proportional, 

This  Propolition  might  be  perfornjed  with- 
out the  help  of  the  Rule  of  Proportion :  Never- 
theleis  becaufe  it  conduceth  to  the  Relblution  of 
tfatf;next  enfuii^  Propofition,  I  inlert  it  in  this 
Place.  To  operate  it  this  is  the  Rule:  Add  half 
the  Difference  of  the  given  Terms,  to  the  lefler 
Term,  fo  that  Aggregate  is  die  Arithmetical 
mean  required:  Examp.  Admit  20  and  50  to  be 
the  two  Numbers  propounded :  Now  to  operate 
this  Propofition,  nrft  according  to  the  Rule,  I 
find  that  the  difference  of  the  two  given  Terms 
20,  and  50,  is  30,  whole  half  is  ij,  which  be- 
ing added  to  the  lefler  Term  20,  it  makes  3?, 

B  3  fo 
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§  I.     fo  is  35,  a  mean  Arithmetical  Ptoportion  be- 
twixt 20,  and  50,  given. 

PROP.    Vlt 

Between  mo  Kumbers  given^  to  Jm^^^ut  a  mean 

JSluficd  Vroport'ionaU 

Boetius  hath   this  Rule  for  it  3    wherefore 
take  his  own  Words:  "^ faith  he,.  ^' D/fferentiam 

''  terminer um  in  minorem  ter- 

*  In  bis  fceord  Book  of  his     "   minum    miiltiplica  ,    £^  poft 

Arhbmeticl^.  and  the  38  Chap-    "  junge  t ermines^  (!/juxtaeum 
tery  w!:ereb,  faith  th.t  this    u       •  -^j^  confeSus  eft,  com- 

ia  Mufici  Modulami..is  tern-  j  ^'^^^  ^^^f^  numrum,  qui  ex 

pcraiTicntis,  &  in  Spccnjatiorc  diftere/itiis  U  termino  mino- 

naturaliura  quxftionum,  /•  e.  ^  re  proiuUtfS  W?,  cu]m  cum 

QrmUruiumfKaicoh^^^^  cc  latifudlnem  inoeneris,  addar 

tion.  (or  in  the  Comrjjure  ofMU'     ,,  .        .  •        J-^^         » 

MU»d  in  ti)t  Difcovcryoftbe        f  ^^  minon  termino,  £7  quoi 
Secrets  of  Nature.  "  inde  colbgitur  medium  ter- 

" .  minum pones.  That  is,  mul- 
tiply the  difference  of  the  Terms,  by  the  lefler 
Term,  and  add  likewife  the  fame  Terms  toge- 
ther: This  donej  if  you  divide  the  Produft,  by 
the  5nni  of  the  Terms,  and  to  the  Quotient 
thereof,  add  the  leffer  Term  •,  the  laft  Sum  is 
theMufical  mean  defired:  Examp.  Admit  the 
two  Numbers  given  be  6,  and  1 2.  I  fay  that  if 
the  diiFerence  of  the  Terms  which  is  6,  were 
multiplied  by  the  leffer  Term  6,  it  would  pro- 
duce 36  -,  then  if  you  add  the  two  Terms  6,  and 
12,  together,  their  Sum  would  be  18:  Now  if 
vou  divide  36,  by  18,  the  Quotient  is  2.  Laft- 
iy,  if  to  the  Quotient  2,  you  add  the  lefler 
Term  6,  the  Sum  thereof  will  be  8,  which  is 
a  Mean  Mufical  Proportional  required  • 

PRO  P. 
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PROP.  vni. 

fliw  to  ^i  the  Square-Root  of  any  whole  Nunr 

ber^  or  f ration. 

"DeJS/r.  To  extraft  the  Root  of  any  Square 
Number  propounded,  is  to  find  .out  another 
Number,  which  being  multiplied  by  it  felf,  pro- 
duceth  the  Number  propounded.  Now  for  the 
more  eafie  and  ready  Ertradtion  of  the  Square- 
Root  of  any  Number  given.  This  Table  here 
under  aimeied  will,  be  ufeful  •,  which  at  &ft 
fight  giveth  all  fingle  Iquare  Numbers,  with 
their  refpedtive  Roots. 
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ROOT. 

I 

2 

4 

9 

4 
i6 

S 

1 

6 

7 

8 

9 

- 

SQUAR. 

I 

2f 

l6 

49 

64 

81 

« 

Tbi 

?E; 

<pru 

ratio 

noj 

'tht 

•Tj 

LBI 

.E. 

• 

§x; 


In  the  uppermoft  Rank  of  tliis  Table  is  pla- 
ced the  reipeftive  Root  of  every  fingle  Square- 
number,  and  in  the  other  the  fingk  Square- 
numbers  themlelves  5  fo  that  if  the  Root  of  2$ 
were  demanded,  the  Anfwer  would  be  5:,  fb 
the  Square  Root  of  49  is  7,  of  81  is  9  ^  and  fb 
for  tne  reft,  and  fb  contrarily  the  Square  of  the  . 
Root  5  is  25,  of  7  is  49,  of  9  is  81,  C^c. 

Example :  If  the  fquare  Root  of  20736  were  *  At  you 
required,  firft  they  being  wrote  down  in  order  ^^^, '?  ^^  ^ 
as  you  fee,  draw  the  crooked  Line,  ^  then  to  ^g^Jflf'* 
prepare  this  or  any  other  Number  for  Extra-  /^J7Jr 

B  4  dtion^  ^or/c/ir. 
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§  r  •  ftion,  make  a  Point  over  the  place  oiUnires  \  and 
fo  on  every  other  Figure  towarda(  the  Left-hand, 
as  you  fee  in  the  Margin-    Then  find  the  Root 

of  the   firft  Square  2^ 

which  is  I  ^  place  it  in 

20736/144    the  Quotient,  and  alfo 

i  \  under  2^  then  draw  a 

line,   and  fiibftraft  i 

24\i  c  7    *  ^^^  ^  ^^^^  remains  i  ^ 

J    Q  $  which  place  under  the 

^  J Line,  then  to  the  laft 

remainder  i,  bring  down 

284\  I  I  5  6  the  next  Square  07  5  and 

/  ^  ^  3  6  ji^en  there  will  be  this 

• •  Number    107  ,    which 

:   :    :  :  Number  I  call  a  Refol- 

vend:  Then  double  the 
Root  in  the  Quotient  i,  whoft  double  is  2, 
which  2  place  under  the  place  of  Tens  in  the 
Refolvenq,  under  o  •,  fq  is  this  2  called  a  Di- 
vifbr^  and  10  called  a  Dividend. 

Then  demand  how  often  the  Divifby  2,  can 
be  had  in  the  Dividend  10,  it  permitteth  but 
of  4,  which  place  in  the  Quotient,  and  und^r 
7  the  place  of  Unites  in  the  Refolvend,  and 
there  will  appear  this  Number  24  ^  Then  mul- 
tiply this^  24  by  4,  (the  laft  Square  placed  in 
the  Quotient)  it  produceth  96,  which  place 
orderly  under,  24,  as  you  fee,  and  this  96  is 
called  an  Ablathium  5  (but  fbme  call  it  a  Gno- 
man :)  then  draw  a  Line  under  it,  and  lubftraft 
^6^  the  Ablatitium^  out  of  the  Refohrcnd  107, 
'  thore,  remains  ii,  which  place  orderly  under 
the  laft  drawn  Line,  then  thereunto  bring  dpwn 
the  next  Square  36,  fo  will  there  be  a  new  Re- 

folvend 
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/bhrend  113^  ^  then  double  the  whole  Root  14  §  1; 
in  the  Quotient,  whofe  double  is  28 :  Place  it  un- 
der the  Refblvend  1136  as  was  a-fore  directed  ^ 
lb  (hall  28  be  a  new  Divifor,  and  1 19  be  a  Di- 
vidend \  then  I  find  the  Diviibr  28  can  be  had 
in  the  Diwdend  113,  4  times,  which  four  place 
in  the  Quotient,  and  under  the  pkce  oWnttes 
in  the  Refolvend,  fo  there  appeareth  this  Num- 
ber 284^  which  Number  multiplied  bv  4,  die 
laft  Figure  in  the  Quotient  produceth  a  new 
Ablafitium  1136^  which  place  orderly  under 
the  Refblvend  11 36,  and  then  draw  a  Line, 
then  fubftrad  the  Ablatnium  1 1 363  from  the  Re-  9 
fblvend  1136^  and  the  remainder  is  00,  or  no- 
thing :  And  thus  the  Work  of  Eitradion  being 
finifhed,  I  find  the  Root  of  the  fquare  Number 
20736,  to  be  144^  and  fo  muft  you  have  pro- 
ceeded gradually  ftep  by  ftep,  it  the  Number 
propounded,  had  confifted  01  4,  5,  6,  or  more 
Squares  5  ftill  obferving  the  ^fbtegoing  Rules 
and  Dire&ions. 

NOTE. 

But  when  u  whole  Number  hath  not  a  Root 
ezatlly  expr^ffibk  by  any  rational  or  true 
Number,  thtn  to  £nd  the  fiaftional  part  of  the 
Root  very  near  ^  To  the  given  whole  Number 
annex  Pairs  ot  Cyphers,  as  00,  0000,  or  000000, 
then  ffteem  the  whole  Number,  with  the  Cy- 
phers  both  annexed  thereunto,  as  one  intire 
whole  Number ;  And  eitraft  the  Root  tirareof 
according  to  tiie  foregoing  Diredions,  then  as 
many  Points  as  were  placed  over  the  Integers, 
fo  many  of  the  firft  Figuj-cs  in  the  Quotient 

muft 
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(  I.     muft  be  taken  for  Integers^  and  the  remainder 

for  the  Roots  firaftional  part  in  Decimal  parts,  \ 

and  fb  you  may  proceed  infinitely  near  tlie  \ 

true  Root  of  a  I^umber*  \ 

S^T(7  extras  the  Square-Root  of  a  Vulgar  or  Deci- 
mal fra3ion^  and  a  Mixt-Number. 

Firft,  if  the  Fraftion  propounded  be  not  in 
its  ieaft  Terms,  reduce  it,  and  then  by  the 
Rules  aforegoing,  find  the  Root  of  the  Nume- 
ntor  for  a  new  Numerator  5  and  of  the  Deno- 
minator for  a  new  Denominator  5  fo  ihall  this 
new  Fraftion  be  the  Square-root  of  the  Vul- 
gar Fradtion  propounded,  fb  the  Square-root 
of  il  is  ^ 

But  many  times  the  Numerator  and  Denomi- 
nator of  a  Vulgar  Fraction  hath  not  a  perfeft 
-.        «.     L     Square-Bpot ;    to  find   whofe 
,;^r7'fe2'St   ?««ij;i?lly  n^,  5-ou  muft   ■ 
'  ftduce  1^  ifllpo  a  Decimal  Fra- 

aion,  whofe  Numerator  rnhftj^nfift  of  an  equal 
Number  of  Places,  to  wit,  2/4, 6,  ^c.  Then  ei- 
trad  the  Square-root  of  ttiat  Decimal,  as  if  it 
were  a  whole  Number,  and  the  Root  that  pro- 
ceedeth  from  it  is  a  Decimal  Fradtion,  expreljing ,  y 
*  the  Square-root  of  the  Fraftion  propofed,  ^ifi-  - 
nitelynear;  SotheRootofi^  (whofe  Decimal  is 
.81250000)  will  be  found  to  be  t'ctjo  which  is  ve- 
ry near,  for  it  wanteth  not  t^^  of  an  Unite 
of  the  exadl  Square-root,  of  t|  propounded. 

Now  having  a  Mixt  Number  propounded 
' .     ,      whofe  Root  is  required,  to  find 

s^.'Z'^.iSHfJS,^    «Md,  rriluce  it  into  an  Imr.^ 
*  per  Fradion,  and  then  eitradfc. 

the 
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the  Root  thereof  as  before.  Suppofe  the  Num- 
ber propounded  be  7  5  ^  -,  its  improper  Frafiion 
is  *^|,  whofe  Square-root  I  find  to  be  *|  or  87, 
very  near ,  t!fc.  But  if  it  had  not  an  exadk  Square* 
root,  tben  reduce  the  FraSional  part  of  the  ^- 
ven  Miit-Damber  into  a  Decimal  Fraftion^  of 
an  even  Number  of  Places,  and  then  annex  mis 
Decimal  to  the  Integers,  and  .fo  extrafl:  the 
lame  as  a  whole  Number  -,  and  oblerve  that  fb 
many  Points  as  were  fet  over  the  Integers,  fb 
many  of  the  firft  Figures  in  the  Quotient  muft 
be  eiteemed  Integers^  and  the  remainder  for 
the  Root's  Fradionalpart. 

P  R  O  P.    IX. 

Hew  to  find  the  Cube-Root  (fany  whole  Nutaber^ 

or  ¥ra3ion. 

He  fin.  To  extraft  the  Cube-Root  of  any  Num- 
ber propounded,  is  to  find  out  another  Num- 
ber, which  being  multiplied  by  it  felf,  and  that 
Produdl  by  the  Number  again,  Ihall  produce 
the  Number  propounded  -,  Now  for  the  more 
eaiie  and  ready  Extraftion  of  the  Cube-root  of 
any  Number  propounded,  this  Table  hereafter 
annexed  will  be  ufefol,  which  at  firft  fight  gi* 
refh  the  Cube-root  of^ny  whole  Number  under 
loco  j  which  are  called  fingle  Cube-numbers. 
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ROOT. 

I 

2 

i 

4 

s 

6 

7 

S 

9 

715 

CUBIi. 

1 

8 

27 

64 

lij" 

n6 

543 

f" 

Tbg 
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'  The  Explication  of  the  Ta  b  l  e. 

In  the  uppermoft  Rank  of  the  Table  is  pla- 
i  ccd  the  refpeSive  Roots  of  every  fingle  Cube, 
and  in  the  other  the  refpeflive  fingle  Cube- 
numbers  ^  for  if  the  Cube-root  of  $12  were  de- 
ilred,  the  Anfwer  would  be  8,  of  64  is  4  ^  and 
fo  of  the  reft :  And  if  the  Cube  of  the  Root  7 
were  defircd,  it  would  be  found  343  -,  of  9  it  t 
would  be  729,  CJ'r.  : 

Examp.  Admit  the  Cube-root  of  the  Num- ' 
ber  262I44  were  required,  firft  they  being  wrote; 
down  in  order  as  you  fee,  draw  the  crooked 
^     ,  .     .  .  _       Lme.    ^Then  place  a  Point 
w ""  ^7!!  t'iifl^''^''''    ovev  the  place  of  Unites, .  and. 

H  reprefcMt  the  Sitment.  ^i^       ^  ^u'        i^        c 

'  '  another    over    the  place   of 

Thoufands*,  and  fo  on,  Aill  intermitting  two 
places  betif^een  eyery  adjacent  Point  ^  and  oV 
fervej  that  a^  aiany  Points  as  in  that  Order  are 
placed  over  any  Number  propounded^  of  fo 
many  Figures  doth  the  Root  confift :  So  that 
in  this  Example,  there  being  two  Points,  there- 
fore the  Root  conlifteth  of  two  places,  as  you 
fee  in  the  Quotient  y  Now  firft  find  the  Root  of 
ihe  firft  Cube  2625  which  permitteth  but  of  6, 
place  6  in  the  Qjiotient,  and  fublcribe  its  Cube 
2i6y  under  262,  ^nd  theji  draw  a  Line  under 
it,  and  fiiblJrfadt  216  out  of  262^  and  the  re- 
mainder is  46,  which  place  in  order  under  the 
laft  drawn  Line  as  you  fee;  Then  to  the  Re- 
mainder 46,  bring  down  the  n^xt  Cube-number 
144,  fo  will  there  appear  46144,  which  J  call  a 
Refolyend:  Then  draw  a  Line  under  ft,  and 
fguiare  the  Number  in  the  Quotient  6,  wT^ofe 

Squar^ 
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Square  is  36  •,  then  triple  k  j^ 

it,  aiid  it  will  be  108,  :  : 

then  fubfcribe  this  triple    462^44/^4 
Square  108,  mider  the    2  i  6  C 

Refolvend ,  €0  that  the    . , 

place  a/' Unites  .in  the        a  A  1  /l  ±  ' 

triple  Square  8,raay  ftand        ^  ^  ^ 

under  i  the  place  of  Hun-  ^         ! 

dreds  in  the  Refolvend :        108 
Then  triple  the  Root  in  ^  8 

'the  Quotient  6,  whofe 


Triple  is  18^  then  fub-        1098  Diviibr/ 

Icribe  the  Triple  18,  un-        -       

der  the  Refolvend,  fo  that        452 
the  place  of  Unites  8  in  288 

the  Triple,  may  ftand  ^  ^ 

under  4  me  place  of  Tens 
in  the  Reiblvend,  and  fo  . 

draw  a  line  undem^th        4^144 
itj  and  add  the   triple  - 

Square  108,  and  the  Tri- 
ple 18  tog;ether  in  fuch  order  as  ther  ftand  9^ 
their  Sum  is  1098,  which  may  be  called  a  Di-^ 
vifor^  and  the  whole  Refolvend  46144,  except 
4  the  place  of  Umtes  a  Dividend  ^  tb^n  draw 
another  hine. 

Then  ftek  how  many  times  1098  die  Divi- 
lor  can  be  had  in  4614  the  Dividend,  it  per^ 
mitteth  but  of  4,  which  liiblcribe  in  tne  Quo- 
tient-,^ now  multiply  the  triple  Square  108^' 
by  4,  it  produceth  43  2,  wliich  in  order  fubfcribe 
under  the  triple  Square  108 :  Then  fquare  4^ 
die  Fig}ire  kft  placed  in  the  Quotient,  whole 
Square  is  16  *,  and  multiply  it  by  18  the  Triple, 
k  prodncetfa  2S8>  which  fubioribe  under  the 

Tripfe 
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§  t.  Triple  orderly,  then  lubfcribe  the  Cube  of  4 
(laft  placed  in  the  Quotient)  which  is  64,  in 
order  under  tiie  Refelvend.  Then  draw  a  Line 
underneath  it,  and  add  the  three  Numbers, 
viz.  4:12,  i88,  and  64,  together  in  fuch  order 
as  they  are  placed,  their  Sum  is  46144:  Then 
draw  another  Line  under  the  Work,  fubfhaQ:- 
ing  the  faid  total  46144,  from  the  Refolvend 
461445  there  remains  00,  or  nothing,  whidi 
remainder  fubfcribe  under  the  laft  drawn  Line^ 
thus  the  Work  being  finifli'd  I  find  the  Cube- 
irjot  of  26^144  the  Number  propounded,-  to  be 
64 :  And  thus  you  muft  have  proceeded  order- 
ly ftep  by  flep,  if  the  Number  propounded  had 
ariien  to  fbme  3,  4,  8,  lo,  or  more  places,  ob- 
ferving  the  Direftion  prefcribed  until  all  had 
been  compleated. 

NOTE. 

But  when  a  whole  Number  hath  not  A  Cube^ 
root  exprelfible  by  any  true  or  rational  Num^ 
ber,  then  to  proceed  infinitely  near  the  exadt 
Truth,  Annex  to  the  Number  a  certain  Num- 
ber of  Tenaries  of  Cyphers  as  000,  000000, 
000000000,  t5^c.  then  efteeming  the  whole 
Number  with  Ae  Cyphers  annexed  as  one  intird 
whole  Number,  extrafl:  the  Root  thereof,  as  is 
afore  tatight.  Then  as  many  Points  as  wiere 
placed  over  the  whole  Number,  fo  many  pkces 
of  Integers  will  there  be  in  the  Root,  and  the 
reft  exprefleth  the  Roofs  Fraaiorid  part  fttf 
nean 
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To  Extraa  the  Cube-Ewty  cf  a«y  Vulgar  or  De^        *' 
amal  or  Mixt  fraOion  confiftingd  a  Whole 
Number  and  a  Fraaioa. 

To  E«iaa  the  Cube-root  of  any  Tulear 
Fradiao,  yon  muft  firft  reduce  it  into  his  iSS 
tarns,  and  then,  according  to  the  former  Df. 
raaions,  Extiaa  the  Cube-root  of  the  Numem- 
tor  the  Root  found  fcall  be  a  new  NuSeSS?. 
fo  hkewife  the  Root  of  the  Denominator  ihall 
become  a  new  Denominator  j  fo  Ihall  this  new 
Fia<fhon  be  the  Cube-root  of  the  Fradion  pro- 
pounded,  fo  I  find  the  Cube-root  of  ^  to  be 
r,  and  fo  for  any  other  Vulgar  Fradlion. 

But  many  times  the  Nu- 
merator,  and  Denominator       p"""*^  of  Extraffue  the 
hath  not. a  true  Root:  Then    ^^''^'^'^^'imlFrtahat 
to  find  the  Root  thereof  infinitely  near,  you 

fflal,  whofe  Numerator  is  Tenaries  of  PW' 
and  then  extract  the  Root  according  to  the  S 
g£^f '^"^  fo  ihall  the  RootLndTb^a 

«S  of  t^'f  T  ''P'^"^  °^l3^  *he  Cube- 
W  of  .  or**^'^V';S?°V'"M  To  I  find  the 
fX,  >n  ^'  H^ieftedmaJ  is,  666666666, 
J^H^^veir  near  the  Rc«toi?^or,pri 

Now  having  a  Miit  Num- 
ber prppamded,  whofe  Root    ^  V^J""'^'-^  extraahtetk 
M  required,  firft  reduce  it  in-    ^'^'^'^  "f"  Mixt  Number. 

JJibe  root  thereof,  as  is  afore  direded  fn  thl 


Bu€ 
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§  1.  But  if  it  hath  not  an  exaft  Cube-root,  thcri 
reducSe  the  Fradtional  part  of  the  given  mixt 
Kumber  into  a  Decimal  Fradion,  which  Ihall 
confift  of  Tenaries  of  places,  then  to  the  whole 
Kumber  annex  the  Derinial  Frattion,  and  ex- 
traft  the  Cube-root  of  the  whole,  and  obferve 
that  fo  many.  Points  as  are  over  the  Integers, 
.  lb  many  of  the  &ft  places  in  the  Quotieiit  muft 
be  efteemed  Integers^  and  the  reft  eiprefletfa 
the  Fraaional  part  of  the  Root  in  Decimal  parts 
of  a  Fradtion,  Jo  the  Cube-root  of  zl^  whole  Deci- 
mal is  2,  375000000,6^^.  will  be  found  to  be  i, 
334,  or  I  ,^7^  and  is  very  near  the  true  Root, 
and  €0  for  any  other  mixt  Number  of  diis  na- 
ture. 

Having  flius  given  you  the  Praftice  of  ex- 
trading  the  fquare  and  Cube-root,  I  ftiall  give 
you  the  reafon  of  pointing  them. 

The  Square  of  any  Number  under  10  will  be 
lefs  than  joc^  and  the  Souares  of  all  Numbers 
from  10  under  loo  will  be  lefs  than  1000  •,  al- 
fb  the  Squares  of  all  Numbers,  from  100  to  un- 
der 1 000,  will  be  lefs  than  loooooo,  (S^c. 

And  on  the  contrary  'tis  evident,  that  th6 
Square-root  of  any  Number  under  106  will  be 
lefs  than  lo,  and  the  Square-root  of  all  Nilm- 
bers  from  100  to  under  looco  will  be  lefs  than 
100  •,  and  of  all  Numbers,  from  1 0000  to  under 
loooooo,  will  be  lefs  than  1000,  C^c. 

So  that  the  Square-root  of  all  Numbers  under 
100  will  confift  but  of  one  place,  under  loooo 
they  will  liave  but  two  places,  and  under 
loooooo  the  Root  will  confift  but  of  three  places 
at  the  moft ;  from  whence  may  be  feen  the  rea- 
fon of  pointing  every  other  Figure  before  you 

begin 
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Begin  die  Operation :  For  the  Root  encreaflng     §  i, 
a  Place,  encreafes  the  Square  of  fiich  Number 
two  Places-  • 

So  alfo  it  holds  in  the  Cube,  where  ^tis  evi- 
dent, Aat  9x9x9  will  be  left  than  looo,  that 
is,  tbe  Cute  of  any  Number  under  lo  will  be 
lefi  t&an  looo*,  and  the  Cube  of  all  Numbers?, 
horn  10  to  under  loo  ^  will  be  lefs  than 
1 000000,  ^c.  So  on  the  contrary  'tis  evident, 
that  the  Cube-roots  of  all  Numbers,  from  i  ooo 
to  under  loooooo  ,  will  be  und6i:  ico,  iffc. 
Whence  you  fee,  that  the  Root  encreafing  one 
Place,  augments  the  Cube  of  fuch  ^Number 
tliree  Places :  For  (uppofe  i,  lo,  loo,  looOjCr. 
be  Roots,  their  Cubes  are  i,  io6o,  loooooo, 
1000000000,  which  energies  hj  l  Places. 

The  i&me  would  alio  follow,  if  it  were  9,  90, 
900j  9000,  ^c.  that  is,  their  Cubes  would  ex-    • 
ceed  each  other  by  3  Places. 

From  which  is  evident  the  reafbri  of  pointing 
the  ift,  Atfa,  yth,  i!fc.  Places  in  a  propofed 
Cube,  to  nnd  its  Root :  For  the  firft  three  Pla- 
ces will  give  but  one  Place  for  its  Root.  If  the 
Cube  have  four  Places  in  it,  the  Root  will  have 
two  Places  •,  and  the  faid  Root  will  have  no 
more  than  two,  if  there  be  five,  or  fix  Places  in 
the  gfepn  Cube ;  Bat  if  there  be  feven  Places, 
then  will  the  Cube-root  of  fuch-  Number  confift 
of  three  Places. 

Note,  This  way  of  arguing  will  not  only     ' 
hold  in  die  Square  and  Cube,  but  alfo  in  high- 
er Powers. 

Having  given  you  this  ftior  t  Difcourfe,  to  {how 
the  reafbn  of  poniting  them,  in  order  to  their 
Extrafldon,-  Ilhall now giveaTafte of thel7fe 

C  of 
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of  thefe  Operations  in  the  Sc 
ttiefbl,  and  necefTary  Prdbleros. 


S  E  C  T.   n. 

§  i'  The  Bxtrdlitn  of  the  SqlureRtat  a^lyd  t9 
the  Solution  of  ffwral  Qatfii&m  itt  Aritb* 
metick,  Geometry,  Trigonoinetry,  N^ 
vigation,  Embattelling  of  Armies,  ^c. 

PROP.    I. 

TWO  Nurabfrs,  viz.  24  and  384,  tir« 
to  find  a  mean  Proportion. 
MuHipfy  the  tvo  Nttmhffs  tt^etbcfy  mi  ex- 
traS  the  Square-root  of  the  VroJttS^  H  Qivei  96 
the  mean  Vroportionai.  reqiarei. 

PROP.    IL 

Let  the  Area  of  a  Triangk,  Reffamgle,  Cif 
de^  O'f.  be  71824  Foot. 

Extras  the  Square-root  of  the  given  Area^  it 
gives  26B*Feet^  the  fide  cf  a  Square  equal  to  the 
givcrt  Area. 

PROP.    IIL 

The  fide  of  a  Square  is  26  Foot  5  VtSt's  tha 
jfide  of  another  iix  times  as  big  ? 

Fmi  the  Area  tfthe  Square  wbofefiie  isgiven  ^ 
thk  Area  multiply  by  6,  theti  extraS  the  Square- 
root  of  the  frodiiSy  it  gives  657  /b^  fide  cf  a 
Squ fire  fix  timfis  as  big. 

N  o  T 15  !•  If  you  would  have  a  Square  but 
'J5  -^  h  ^^j  as  big.   Tafce  -J,  1^  -?>  of  the  Are» 

found 
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icm\y  and  extract  the  Square-root  thereof,  and    §  2» 
'twill  give  you  t^ie  Area  of  a  Square  that  is  but 

4, 1,  T,  e^^.  fo  bi^. 

HoTE  2.  So  if  you  would  have  a  Square 
any  auDber  of  times  as  big,  or  any  part  of  a 
time  as  little  a$  any  Figure,  \is  but  multiply- 
ing the  given  Area  by  the  Number  of  times, 
fjToa  would  have  it  as  big  ^  or  taking  the  part 
of  a  time,  yon  would  have  it  as  little,  and  ex- 
trafidng  tlie  Spaare-root  of  the  Pfoduft,  or 
Quot^  will  give  you  the  Area  required- 

P  R  O  P.    IV. 

Theie  is  a  Gable,  or  Rope,  whole  Diameter 
if  7  Inches ,  what's  the  Diameter  of  another 
^km  times  as  flrong. 

Ajidhere  note.  That  .that  Rope  which  has  its 
Seftion  four  times  as  much  when  cut  thro'  is 
ibar  times  as  ftrong  ^  and  be  but  half  the  Supn*- 
iides,  'tis  bat  half  a^  Arong. 

Now  the  Proportion  of  the  Area's  of  Circles 
tx)  each  other,  are  as  the  Squares  of  their  Dia- 
meters. Square  7  thereon  it  makes  49,  which 
pffultiplji  by  4.  it  lives  196:  1l?r  Square^root  of 
which  U  14,  the  Dian^er  (ftbe  Cable  four  times 
4U  ft  rang. 

Note  i.  "Whence  \is  obferrable.  That  a 
Rope  four  times  as  flrong  as  another,  has  its 
Diameter  hat  only  double  to  it. 

Note  2.  The  like  Operation  will  ferve  to 
^Txd,  the  Strength  of  Timber  \  that  is,  to  aug- 
ment or  6imini&  any  Strength  in  a  given  Ra- 
tio.   As  %x  Example : 

C  2  PROP. 
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P  R  O  P-    V- 

Suppofe  the  Jide  of  a  large  Beam^  or  Girder^ 
be  30  Inches  ^  What's  the  fide  of  another  iquase 
Beam,  or  Girder,  whofe  Strength  is  but  i  of 
the  former  ? 

Square  50,  the  TroduS  900  divide  fy  6,  tk^ 
^ote  ^  150  •,  the  Square-root  qf  which  ^12, 
2  the  fide*qf  the  Girder^  or  Beam^  that  will  bear 
but  -i-  of  the  Weight  of  the  former.  ,    . 

P  R  OP.    VI. 

.  In  Triangle  BAG  (Plate  9th,  Fig.  96.)  the 
BA  is  48  Foot,  and  the  Perpendicular  CA  40 
Foot  •,  What's  the  Length  of  the  Hypoteniie 
BC. 

The  reafon  of  the  Solution  of  this  Propofition 
is  given  in  the  47th  of  the  ift  Book  oi  Euclid -^ 
and  in  the  9th  Theorem  of  my  Epitome  of  Geo- 
metry, where  'tis  prov'd  in  a  right  angled  Tri- 
angle, that  the  Square-root  of  the  Sum  of  the 
Squares  of  the  Bafe  and  Perpendicular  is  equal  to 
the  Hypotenufe. 

Square  therefore  48  and  40,  and  add  thofe  ttw 
Squares  together^  it  makes  3904-,  the^  Square- 
root  of  which  is  62.  $  near  for  the  Uypotenufe 
BvJ* 

This  is  commonly  the  laft  Cafe  in  right 
,  Angled,  plain  Triangles,  and  in  Navigation, 
finds  the  Diftance  failed  by  having  the  Diffe- 
rence of  Latitude  (which  is  the  Perpendicular) 
and  Departure  (which  is  the  Bafe)..£iven:  For 
the  Square-root  of  the  Sum  of  the  Squares  of  the 

Difie- 
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Dif&rence  of  Latitude,  and  Departure  is  the     §  2. 
Diftance  failed. 

This  Propofition  is  alfb  of  ufe  in  Fortifica- 
tion :  For  it  finds  the  Length  of  a  Scaling 
Ladder  that  will  reach  from  the  Edge  of  a  Moat 
to  the  Top  of  a  Rampire,  when  the  Breadth  of 
the  Moat  and  Height  of  a  Rampire  is  given. 

It's  alfb  of  great  ufe  to  Artificers,  in  finding 
the  Length  oiUyp-Rafters^  Strings  of  Stairs,  i!fc. 

PROP.    VIL 

Again,  if  the  Hypotenufe  and  Bafe  be  given,^ 
then  the  Perpendicular  is  eafily  found :  For  if 
from  the  Square  of  the  Hypotenufe  you  take  the 
Square  of  the  Bqfe^  and  extraft  the  Square-root  of 
tli  Remainder,  it  will  give  the  Length  of  the 
Verpendicular.  So  if  the  Hypotenufe  and  Ter- 
pendicular  be  given^  'tis  but  fubftradling  the 
Square  of  the  Perpendicular  from  the  Square  of 
the  Hypotenufe^  and  eitrafting  the  Square- 
root  of  the  Remainder  for  the  Length  of  the 
Terpendicuiar. 

Tins  Propofition  is  ufefiil  in  Navigation : 
For  by  it  the  Difference  of  Latitude  may  be 
found,  htiving  the  Di&ance  failed  and  Depar- 
ture given  J  or  hy  it  the  Departure  may  be 
fijuno,  having  the  Diflance  failed  and  Diffe- 
rence of  Latitude  given. 

PROP.    VIIL 

To  place  any  Number  of  Soldiers.  Suppofe 
132496  in  Square  Battalia  ^  that  is,  to  place 
them  in  fuch  order  that  there  may  be  as  many 
in  Rax}k  as  in  File*  C  9  Ext  raj 
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§  2.  Extras  the  Square-root  of  ibe  Number  ptdpo^ 
fed,  it  gives  364  the  Number  to  be  placed  in^nk 
andYftle. 

PROP.    IX. 

To  place  any  Number  of  Men,  lupriofe  5  5  9  r  t 
in  double  Battalia^  that  is,  fo  that  tnc  Men  in. 
Rank  may  be  double  to  thofe  in  File,  ^ 

'  Ext  raff  the  Square-root  of  ii<)^6^  which  is 
half  the  Number  of  Men  propofedy  it  gives  154 
the  Number  that  mujir  be  placad  in  Files  :  This 
doubled groes  the  Number  that  mufi  be  placed  in 
Ranky  and  thefe  two  Numbers  7nultiplfd  toge- 
ther^ win  make  up  the  whole  Army  ij  the  Work 
be  rights  elfe  not. 

P  R  O  P,    X    • 

Any  Number  of  Men.  Suppofe  48  2  24  with 
their  Diftance  in  Rank  and  File,  that  is^  that 
their  Diftance  in  File  Ihould  be  8  Foof^  and 
Rank  3  Foot,  to  order  them  in  a  fquare  Battailc 
of  Ground,  'tis  required  to  know  how  many 
Men  muft  b6  in  Rank  and  hovy  many  in  File. 

Say  iu  Z  to  ^  fo  is  48224  to  18084,  the 
Square-root  of  which  is  161  near:  Then  to  find 
the  Number  of  Men  to  be  placed  in  Rank,  divide 
48224  by  167,  the  ^uote  288  is  the  Number  ^ 
Men  to  be  placed  in  Rank^  befide  1 28  Men  aoer 
and  above. 


PROP. 
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PROP.    XI- 

'the  U/e  4  the  Extraifio^  of  the  Cube-root. 

Sappoie  die  fide  of  a  Cube  be  84  Foot  ^ 
'Whzfs  the  fide  of  another  double  to  it  > 

Cube  84  the NutjAoi^n^  it  makes  5 927^4 *, 
then  extras  the  WfSStKef'oot  of  1185408,  it 
dntbleij  and  Uwll  give  105  the  fide  cf  a  Cube 
imtbk  to  the  former. 

AStet  the  fame  manner  may  you  find  the 
fide  of  a  Cube  three,  four,  or  more  times  as 
Kg,  or  4, 75  i,  or  any  other  part  of  a  time  fb 
little,  by  multiplying  the  Cube  of  the  given 
fide  by  the  Number  of  times  propofed,  or  ta- 
lcing mch  part  of  the  iaid  Cube  as  you  would  p  hh 
have  it  to  be  lefi,  and  extrafting  the  Square-  /i«  ^  '>C 
root  of  filch  Produft  or  Quote. 

P  R  O  P.    XII. 

To  find  the  fide  of  a  Cube  equal  to  any  gi- 
ven Solid^  whedier  VaraMepipeim^  Sphere^  Qr- 
JeTideTy  Cone^  8cc. 

Admit  the  Solidity  of  a  ParaUelepipedon  were 
545  i77^,What'sthefideof  a  Cube  equal  thereto? 

ExtraSthe  Cube-root  ^5451776  the  Content 
cf  the  given  Solid^  what  comes  out  k  (176)  the 
fvde  of  the  Cube  required* 

Ftom  this  Piropofition  the  Proportion  of  the 
Diameter  of  a  Sphere  to  the  fide  of  a  Cube 
egpal  thereto  may  be  feund  For  the  Solidity 
or  a  Sphere,  whole  Diameter  Is  i,  is  .5  23608805 
the  ^be*root  of  whidi  «8o6  is  nean 

C  4  So 
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§  2*         So  that  if  the  Diameter  of  a  Sphere  be  1, 
the  fide  of  the  Cube  equal  thereto  is  806. 

And  therefore  as  i  to  .8c6  io  is  any  Dia- 
meter of  a  Sphere  to  the  fide  of  the  Cube  equal 
thereto. 

To  fliow  all  the  Ufes  of  the  Square  and  Cube^-^ 
root  would  fill  a  large  Volume,  Thefe  are 
enough  to  let  the  Reader  Jee  the  Neceffity  of 
learning  this  uleful  Opei^tton. 

To  make  this  Treatife  more  perfeft,  I  have 
added  a  Table  of  the  Squares  of  all  w^hole 
Numbiet's  under  loco,  and  the  Cubes  of  all 
Numbers  under  200  5  which  will  be  necefiary 
on  ieveral  Occafions, 


•m^ 


A  TABLE 


[ »;  ] 

A  TABLE  fhewing  the  Squares  of  all 
Numbers  under  looo. 


C  4«3 

Row 

Si^re 

Rco. 

Sqiurc 

^,  Square    1        |Ro«l   Sq^„    ( 

•n 

146+5 

ICC 

4000c 

24! 

^9049 

2S6 

81796 

;8 

HS/^A 

201 

40401 

244 

6oo2r 

287 

32369 

Ig 

2ri3i 

102 

40804I 

245 

2SS 

82944 

ZJ60C 

105 

4i!05 

H6 

<>oji(S 

289 

83TI1 

iiSi 

Z04 

4i6i<S 

247 

61C09 

29c 

Sdicc 

162 

20f 

4102? 

248 

(fij04 

29  i  8i6eil 

16^, 

26r6n 

ic6 

424J6 
41849 

245 

<20OI 

292 

81464 

'«* 

26856 

2JO 

62^00 

291 

8f842 

'ft\ 

i7i2r 

208 

4;iiS4 

'!• 

65COI 

29. 

8643S 

i66 

:7fr^ 

109 

4,«8i 

^r^ 

6?ro4 

I9t 

8701J 

167 

lytSq 

21': 

44100 

2fi 

64C09 

29fi 

37616 

1(53 

z3ii4 

211 

44JZ1 

in 

64,16 

197 

83209 

i6t 

235-61 

212 

44(144 
4r!S9 

'"< 

«fo2r 

295 

88804 

17c 

1S9C0 

2T3 

2f< 

sSlf 

199 

S9401 

'71 

'7^ 

20-4' 

I9jSh 

114 

4r79< 
4«i'J 

Jfi 

S 

joc 

9C00C 
9C601 

'7? 

1992s 

XI6 

466  r« 

ir9 

«7o8i 

?02 

91204 

174 

^0276 

117 

470S9 

21(0 

67600 

3"=; 

9180C 

17; 

^o62i 

218 

47f24 

26, 

6S121 

304 

91416 

176 

^0976 

1I( 

47961 

262 

68644 

30f 

93021 

;?i 

^1684 

tx 

2«, 

264 

69169 
6?:696 

,c6 

3^7 

?!6,6 

9414' 

'^^ 

;204i 

121 

49134 

i«r 

8022f 

;o3 

9J864 

iSc 

;i4oc 

22j 

49715 

266 

7o7j6 

309 

9r48i 

I3i 

32761 

124 

JO  [76 

267 

7.289 

Vo 

9i5ioc 

18; 

53I24 

22f 

fo6iI 

26S 

71824 

311 

96711 

I'i; 

"fs 

216 

r'079 

269 

72,61 

312 

97344 

1 3^ 

;;8f6 

!<!'-' 

270 

72900 

VI 

^7960 

iSs- 

Hi.if 

2Z8 

^1984 

271 

7344' 

3'4 

98x96 

t^6 

Hf^fi 

"S 

f244i 

L'" 

739S4 

3ir 

9922  f 

137 

^4969 

i;c 

12900 

27! 

74T^9 

V6 

998  f6 

i98 

1S'?44 

1?' 

y)i«i 

274 

7fo76 

VI 

ico4S( 

iSt 

1.5:71' 

i?i 

f!'24 

'ZJ 

7r6ir 

318 

roiii4 

19c 

;6ico 

13; 

H2S9 

276 

76176 

319 

to, 761 

191 

^^^' 

iW 

T47ffi 

»77| 

76729 

320 

IOZ4CX 

191 

;6364 

i;5 

rr22f 

278 

77284 

321 

103041 

i9; 

37149 

236 

ff«s« 

=79 

7784' 

312 

103634 

'S4 

;-6;6 

137 

f«i69 

25o 

734=<^ 

v~% 

IC4319 

'ST 

5802y 

2,8 

J6S44 

281 

78561 

314 

104976 

if,6 

58446 

i?5 

J712I 

281 

79X24 

?2f 

or625 

'^l 

;8go5 

24': 

nfico 

28! 

BooSq 

26 

c6iy6 

198 

392C4 

241 

r8o8i 

284 

8c6fS 

27 

06010 

ilsl 

3^601 

242)  ^8^641 

23r 

3122J- 

32S'io7^i[ 

l^7l 


Ci8  ], 


1,-1064 

1S-50C9 
JJ4016 

.f7049 
1/8064 
(-091^9081 
ficifioioo 

161144 
16^169 
,641 96 
;6j-2if 
6<S2f6 
,67289 
68^24 
169361 
170400 
171441 
171484 

1777*9 
178784' 
179841 
180900 
181561 

18  }02. 


fOI 
fOl 

ro7 


T12 

n? 
n4 

fiT 
fi6 

ri7 
ri9 

fio 

fll 
yll 

fM 
fir 

ri7 

yiS 

ri<j 
r^' 


isrt;6 

z86iis' 
i872t,6 
iS8;69 
189444 
1905-11 
191 600 
1916^1 

miH 


I9f9;6 
r4f 197^15 
746 198 1 1 6 

i9i)icp 

;oo;o4 
401 

101 f  CO 

1o;fioi 

^4704 

-,,50^809 

F5-4;c4S9i6 

rye  joSoir 
rr6jo9i;6 

-  -JIOZ49 
}ii564 
51148 
5.;6Gr 


f48 


rrs 


Sq-J«i 


}.J8^ 

?i8g^6 
?i9iir 

110; r6 
^11489 
511624 

?i?76i 

- 149' " 


J 1604 ■ 
J17184 
ji3;i9 
? 19476 

f76??i77^ 


5;4dS4 

536400 
;37f6i 
338724 
339889 

r8d34222y 


fS"? 


UT744 
346921 
34810c 
349281 
3/0464 

f94  3J2836 

!fy2i6 

3S-6409 
357604 
3|88oi 


611 


j6l2. 

3614c 4 

364816 
;66o2f 


606  367136 
368449 
361,664 
371;  88 1 
372ia 


574r44 
37r76^ 
376996 
378121 

;794r'5 
380685 
381924 

383.6. 

3844CC 

?8;64i 
386884 
,  388 lie 
614  389376 
6if  390625 
626391876 


!94;S4 


k^c  396900 

^31  3y3'6' 

p?!  3994^4 
6j3  400685 
634  4oi9f6 
'%  4^1"f: 
^36  404496 
i37  4t'^769 
-".  +07C44 
P,v4o3;zi 
64c  4C56CC 
641  410881 
641+12164 
p4U';449 
^+4  414756 
64^  416025- 
6464,17316 
647418609 
648  419504 
645  411101 
65-0  411J-00 
65-1  413801 
651425104 

653  426409 

654  3,17716 

655  4?902r 

6f 6  430336 
657  431649 
653  43i<,a4 
655  434281 
660  +9r6oo 
66!  436921 , 
^^6z  43  8  244 
,663  439569  ■ 
;664  440896 

666  4435-1*3 
|667  444889 
|66S  446224 
,66<,  4475<ii 

,67c,  44890c 

673  4;'^24" 

'67^4f'f'i4 


CA9]. 


jltom   Sqiare 

57T  4!'f^IT 

S76  l-f  6976 

477+5-^  lis 

^7ij  +^1041 

^34  ;67Sf6 

6S7  ^71969 
S3S  }7J?44 
635  m7»' 
5yc  ;7oioQ 
691  177481 
6$i  175  364 
69;  +50149 
1594  |Si6;6 
69f  4.3  ^cir 
65/6  i344i6 

598  4.S7104 

599  4S3601 
70c  150COC 
7C1  19401 
7c a  ;si3c4 
?o:j  494J^ 
7c^  jp/tfii 
70f  i97ozs 

707199845 

708  roi204 

70$  fci63i 

710  fc;  4.1  CO 

711  J-O^fil 
7  [  2  f  c(l9a4 


f0975^ 


fii6f6 
f I 4089 

T 16561 

ri84cc 
fi984i 

riii84 
ri;7i9 
ri4i76 

f 27076 
r-^r~9 
^29984 

r5i44i 

n4i6i 

r;r324 

..r;723c, 

7^4  r;87r6 

7;rs'4oi2y 

7;^ 741696 

r4;i69 

r44644 

(-4612 1 

f476co 
f 49c3 I 

rros-64 

rS'1049 

fnn6 
trnyifi 

fj-Scc9 

r.r9fo4 
r<5icoi 

(■64001 
^6fj-c4 

(67C00 
f6Sj-t6 

f7cc2r 

r7ir^6 
r7:)C4P 

74^64 


7r<Jf76r.8i| 


769 


J776< 
rfc644 

r3;65(5 
r8r22r[ 
r867r« 
788289 
[89824I 

r9i!6il 
f929ca 
794441 
r9J-984 
5'97r2D 

.  . rpso76 

77r6co6if 
776602176 
777605719 
77S60T234 
779  6^6841 
78^1608400 
781  ^9561 
73161 1  yi4 
73l6i;o8q 
734  6i46r6 
7S7S16224 
736Si770f 
737  6i9}63 

788  S1094; 

789  6i2y20 

790  S2  J 100 
79'  52^681 
792  627164 
79; 618849 
794  650416 
79r 65202 c 
756655616 
79765TI-9 
798  656804 
■  "  658401 

640CM 
64I6C1 


S02  645204 

So;  544S09 

804  S4641S 

905-  ^48o2f 

"-5  54S6}S 

7  671 249 

5  671864 

809  674481 

"  5j'6ioo 

I  6y772i 

1679544 

5  660969 

8146625-96 

817.664115' 

816S6J876 

"  7667^9 

8^69124 

;  670761 

'-  671400 

1 674041 

1 671684 

: 677519 

824  678^76 

82T  580625-1 

826  532276 

827  63;c29 
818  6375-84 

?  587141 
850688900 
851  590561 
",2691214 
855695389 
';4  5977J'fi 
357697225' 
856698896: 
357  700569 
353  702244 
859  70J92I 
34c  7or6oo 
841  707231 
841 706964 
84571C649 
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84014011 
84671/71^ 
B47  717409 

B49  710831 
8/0711^00 
8/1 724101 
S/i  7iri»4 
sji  727605 

3  ;4  729;  16 
Sj-f7?i02r 
8  (-6  7;2736 
Sf?  7^444'= 
756164 

=-^  ^'^^"' 
B60  7;sooo 

741?" 

B65  744769 

B64  746496 

B6y  748225- 

866  74Sicf6 

"'-7/1689 

7/3414 

7J-J-I6I 

75-6900 

7J864I 

760394 


863 

B69 

870 

871 

371,   -,-. 

S75  761/29 

B74  76,376 

87/  76r62/ 

876767576 

S77 769129 


B79  771641 
774400 
776161 
777'?24 
"779639 


904 


907 


'9M 


Squiti 


'884781456 

88j-785iir 
7S49<,6 
736769 
73!r44 
790; 11 

79? 88 1 
79/664 
797449 
799216 
fcioi/ 
3oifli6 
8246; 
806404 
3o3ioi 
8rooc<: 
1 801 
815604 
3i5-40<j 


;i72i 


,    3 1  coir 

906  820856 

822649 

82^464 
8i6i3i 
3i3ioa 
829921 

8; 1 744 
,  ,855^65 
9i4  85r5f;6 
.9if  357ijr 
9168550 r6 


842724 

844r«i 


[920  84640 
14824 

lrco34 


I  Row 


954 


1925^^1929 
1914  85-5776 
91J  85-f6i(- 
I926  BJ7476 
S17  8/9519 
928  86 1 1 84 
925  S6504J 
95c  364900 
951  366761 
951 868614 
870489 
S715/6 
,  ,.  8742ir 

956  376^96 

957  377696 
958878444 
959881721 

940  83  5600 

941  3Sr48[ 
941 887564 
945  S89249 
944391156 
945  89501J- 
946894916 
947^896309 
948B98704 
949bcc6oi 
9/ofco25-oo 
9/1^04401 
9/2^06504 
P5-5B08209 
P/4J910116 

9/5191  202  f 

9/^9" 19^9 
9/7^1 5'84& 
9/8bi7764 
9^919681 
^&J92i6cc 
S6i!925f2i 


961  I 

565  < 
964  . 
S6l  ! 

566  , 
967  « 
963  . 

97c  • 
971 
971 

97-  . 

■  97't  ' 
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A   TABLE  Ihcwing  the  Cube  of  all 
Numbers  from  i  lo  xoo. 


Cob*     , 

1 

»' 

! 

;'i 

4 

»4' 

T 

115> 

7 

w' 

yiz 

« 

7ZJ 

Ic 

ICOO 

11 

>!!! 

12 

17ZS 

■1 

2157 

'1 

Z744 

'r 

it!! 

V* 

'7 
IS 

XI 

l<> 

6Sf, 

K 

8C3CO 

zl 

«6l 

Z1 

12167 

24 

MB»4 

1562; 

l(i 

17/71S 

17 

19»S! 

219/2 

M 

24,89 

!« 

270CO 

i 

25791 

r 

3Z770 

l: 

IfM? 

)93o< 

42877 

)( 

46<r8 

ITJ  ^ogff    I  74l4Qr^^4l 


^4874 

6+OGo 
68511 
74088 
79S°7 
8fi84 

97^56 

IOJ-9Z 
17649 

iifcoc 

i?26ri 

140635 
. . 148877 
J41J7464 

.  '  7S6i6 

r? '81-19? 


191 

it;j';75 
1160CC 
116931 

ilS^if 

2fco4: 
Z62144 
27461 f 
1874^6 
30076; 

;'4Mi 
;i8yo5 
;4;ooc 

173^49 
589017 


4ii87r 
4^8976 

4r'Sf?; 

474rr2 
49;o39 
yi2ooo 
/;i44i 

f 7 1787 
(■92704 

6i4i2f 

6360/6 
6f3yo, 
681472 
704969 
729000 
7;U7' 

778688 

804;  y7 
85or84 
8r737r 
884756 
912673 
941192 
970299 
:oo|ioooooo 
030301 
Ic6i2c8 
!og2727 
1 1 14864 

1191016 

I iifo43 

2f97I2 

1 i9f 019 
i3;[oco 


Root 


Ohe 


■404918 
44"97 
481/44 
J-20S7; 
if6oS96 
1601613 
1643032 

i69s-ir9 

i723goc 

1771F61 

31/848 

860867 

190^624 

'9r3'M 

261000376 

172043383 

2820971/1 

2146689 

30219700c 

224^091 

2299968 

.  ,  i^fi^U 

34  1406104 

-    246037/ 

2/1/4/6 

1618072 
268/619 

2744000 

.80^11 

.863288 

2924207 

44  298/984 

14/304862/ 

463111136 

473176^23 

222. 
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)-ii;'.ri 
!,-u3.a. 


i6u??o747 
16+^410944 
16^445111; 
16645-741^6 
i«7  +6r74<5l 
168  474' 6;  1 
1 6^  43 16809 
7c  491 ;ooo 

71  jooozii 

72  ^88448 
71  077717 
>4lxa68oi4 


"-=■ 

Cr,U 

176 

-.-:(; 

-.-    ■■  ;: 

I7i 

v^-/.-  :i 

17' 

i-;r,!! 

iXi 

IS^ 

.  -M-^g 

iS: 

ii^>,^7 

■;-iv;--4 

I'i/, 

'4^5  f  6: 

18; 

SXj9io}l 

i89,67fii69 
i9o6S('90oc 
1 91  6567871 
1927077888 
'9i,7t89057 
1947^01584 
1 91- 7+14871 
i967rz9j;6 
"  977^4  r?73 
98  776i}9a 
199,7880/99 
zoo,Sooocxx 
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CHAP.    IL 

The  ExpJkation  and  Ufe  of  the 
Tables  of  Logarithms. 


SECT.    I. 

The  Explication  of  the  Talks  of  the  Loga-     §  !• 
rithmSy  and  of  Farts  proportional. 

ZV/f/r.Tp  H  E  hogarithms  were  firfl:  invented, 
X  found  but  and  framed,  by  that  ne- 
ver to  be  forgotten,  and  thrice  Honourable 
I^rd^  the  Lord  Nepeir:  Which  Numbers,  fo 
found  out  and  framed  by  liis  diligait  Induftry, 
he  was  pleafed  to  call  L^aruhms^  which  in 
the  Greek  Itgaifies  the  Speech  of  Numbers,.  I 
Ihall  not  here  trouble  you  with  the  manner  of 
the  Conftrudion  of  thole  Tables  of  Logarithms^ 
but  ftiall  firft  lay  down  fome  brief  and  general 
Rules,  that  thereby  the  bett^^  you  may  under* 
iland  thole  Tables,  and  then  I  Ihall  explain 
their  manifold  Ufes,  in  iiindry  Examples 
Arithmetical,  iS'c,  ; 

PROP.    I.     * 
A/iy  NunAfr  given  under  loooo,  or  iboooo,  ta 
find  the  Logarithm  correfporiding  thereunto. 

1.  If  the  Number  propounded  confift  of  one 
l)]ace,  wliofe  Logdrit$ni  is  required  to  be.found, 

D  as 
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§  I.     as  fuppofe  (5,)  look  for  5  lunMtlyi  tep^  the 
left  hand  Column  under  the  Letter  *  JV,  and 

right  againft  5 ,  and  in  die 
»  sigiifiis  the  Vnmher,  or    ^ext  Column  under  LOG. 

'Ts&\uu».r^ma.    t  you  will  find  this  Number 

fmrini  to  tbc  ifumbcr  affofite.       Of  Rank  of  Fjgures,  0^98970, 

which  is  the  hcgarithm  of  the 
Number  5  required.  - 

2.  If  the  Number  ccmlifteth  of  two  places, 
as  if  it  were  jy,  look  3(7  under  JV,  ana  oppo- 
iite  to  it,  and  under  1.004  you  will  find  dbis 
Number  i.  755875,  which  is  the  Logarithm  of 
57,  the  Number  propounded. 

3 .  If  the  Number  propounded  confift  of  three 
places^  as  972,  look  for  972,  under  AT,  and 
oppofite  to  972,  and  under  (o)  the  Column, 
jrou  {hall  find  this  Number  2.  987666^  whidi 
ts  the  Logarithm  of  972,  the  Number  which 
was  propounded. 

4.  But  if  the  Number  confifts  of  fi>ttr  places^ 
as  1685,  look  th^  three  firft  Figures  i6d,  under 
the  Column  N\  and  oppofite  to  that,  and  un- 
der 5  at  the  top  of  the  Psige,  you  will  fipd  this 
Kumber  3.  226599,  which  is  the  Logarithm  oi 
1685,  the  Ntin^)er  propounded. 

5.  But  if  the  Number  given 

50*^^j'f  **[  ^"fe  ^/i»    be  above  10000.  and  under 

^£7l!-'i^A^',    'oo«».  yoaa..vfindi..L.. 

fffntU  at  the  ad  eftUs  Book,     gantbmby  the  Table  of  Parts 

proportic^nal,  printed  at  the 
letter  end  of  tbs  Book,  lliiis,  if  t^e  L^a- 
rithm  of  55786  be  fought,  firft  fefk  the  Leg*  of 
?578,  which  will  be  553649,  and  the  common 
Difference  under  D  is  1 2 1  ^  with  this  Diffe- 
rence I2ij  Enter,  the  TaWe  of  Parts  propor- 

tiona]> 


th^  Logarithms.  55 

tionaj^EUidt  fiaJUng  1 2 1  in  tbe  jEr A  Column  yjsx*^    ^.a^  ^ 
der  D,  you  may  then  lineally  under  6,  find  the'     *  *  ' 
Number  72,  whicb  add  to  the  Lqg.  of  3^7.8, 
that  is  5 '5  36495  it  produceth  55  37 1 2^  which  iV 
the  Lq?.  of  3578^  the  Kunibar .  propoujided  > 
Kow  becaufe  the  Number  propounded  iSjiS^ 
arifeth  to  the  place  of  X.  M.  therefore  tliera 
muft  be  the  Figure  4  prefixed  .beiEbre  itis  Lp^^*) 
r/VAw,  and  then  it  will  be  thu$  4.  553712, 
which  4  is  called  the  Indez^  as  ihall  be  hke^ 
after  fliewed. 

Nour  before  we  proceed  to  fiad  Numbers  cgt- 
refpondiug  to  Lcgarithmsy  it  will  be  necdTarj 
to  explain  the  meaning  of  the  firft  Figure  to  ths 
left  hand  oi  Buy  logarithm  fdaQsd.  Mr.  Briggs  Jk^it'Knu 
calletfa  it  a.  Gh^caA^iiflick  or 
Index,  whick  dotJj  reprefent.    «T*f.7*''  to-jind the  ch^rf^ 

Ae  Diflance  of  any  the  firft    ra  4J  L^saritlm 
Figure  of  airy  wncne.  Numlxr  1 

ficom  Unity,  wfaoie  Index  is  a,  a  Cjrphey  | 
fb  the  index  of  10  is  i,  aod  Sy  to  loo  whoft 
Isdcr  is  2,  and  £>  to  looo  whole  Index  ^  ^; 
ud  fb  to  loooo'  whofe  Index' is  4^  and  (& 
if  you  perfift  fistrther  the  Chamfteriftick  ii 
idways  ene  le&  ia  I^goiity  dian  the  Placed  01^ 
Figures  of  tbe  Notmber  psropomded. 

P  R  O  p.   )H. 

To  find  the  Ii)Mrithm  cfa  Vult^  fraSitm^^ 

and.  a  Mixt  Number^  I 

Firft,  as  in  befoce  Ihewed,  if  it  be  a  Vulgar 
Fradion,  find  the  L^.  of  the  Numerator,  and 
the  Ijjg,  of  the  Peqpminator,  then  fubftjc^dt  the 

D  i  tog. 
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^  t.     Leg.  of  the  Numerator  from  the  Lqg.  of  i&e 
Denominatoi-, 

TheL^?/  7  IS — ^^-— o,  84509 

69897 


The  Log.'  $  is 
Th&Lqg. 


•0. 


1^ 

T 


1S« 


•0. 
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the  remainder 
is  the  Log.  of 
the    Fradtion 
propounded  : 

Now  if  you  

would  find  the  Logarithm  of  -y,  do  as  is  prefcrr- 
bed.  whofe  Log.  I  find  to  be  o.  I46i2i*  Now 
to  nnd  the  1/g.  of  a  Mixt  ^Number,  reduce  it 
into  an  Improper  Fraftion,  and  then  do  as  be- 
tbre,  fo  the  Log.  of  ijx.  Improper  ^-f,  is  i,  187, 
52,  and  fo  dp  lor  any  other  Mixt  Number. 

F  R  O  P.    III. 

A  Logarithm  propounded  to  find  the  Whole^  or 
Mixt  Number^  correfporiding  thereunto* 

For  the  more  (peedy  finding  the  Number,  an- 
fweringunto  the  Lcgarithm  propounded  obfervc^ 
that  if  the  Index  be  o,  then  the  Number  foiight 
may  be  found  between  i  and  lo  ^  If  i,  between 
10  and  lOD^  if  2,  between  looand  1000^  if 
9,  betweea  looo  and  1 0000,  and  ib  on,  ftiU  ob- 
fcrving  die.  Rules  of  the  Charai^erlftick,  or  In- 
dex ;  therefore  look  in  the  I^ble  until  yon  find 
the  Logarithm  propofed,  and  againft  it  in  the 
Margin,  according  to  the  aforegoing  Diredions 
under  A",  you  {hail  find  the  Number  belonging 
thereunto.  This  Rule  holds  in  force  in  Mixt 
Numbeis  alfo.  , 


Thus. 


0.-  84f058 
r.  5'p;c2  Arc  the  Lo- 
1.  i^o;;4lgarithnisof, 
j.  980176I 


NOTE. 
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NOTE. 


But  if  you  cannot  find  the  Logarithm  exaft- 
ly  in  the  Table,  as  in  many  Operations  it  fo 
happeneth,  you  muft  then  take  the  neareft  Lo- 
garithm  Number  to  the  Logarithm  propounded, 
and  &  take  the  Number  belonging  thereto  for 
tlie  defired  Number. 


«p«i 


SECT.    II. 

ef  the  AJmiraile  Ufs  of  the  Logarithms  is     §  3, 

Arithmctick. 

P  R  O  P.    I. 

To  multiply  one  'Number  ly  Mother, 

A  Dmit  90  to  be  multiplied  hj  42,  what  is 
^TY  thfiProdua?  Firft  find  the  Log.  of  the 
Multipbcand 

90,  Thai  the  The  Log.  of  90  is  —  1.  9^424 
L4f.  .of  the  The  Log.  of  42  is  -  i.  I2J24 
Muitjplier42.  ■ 

Addthefetwo    Thel^f.of  aySois  — 3.  57748 

ther.  It  gives 

57748,  which  is  the  Lag,  of  jySo;  the'  Prpduft 
01  90,  and  4Z. 


P"3  P1|PP. 
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*  ^*  p  E  o  p:  11. 

To'  divide  one  dumber  by  another. 

Admit  the  Dividend  (or  Numbef  to  \a  divi- 
defl)  be  648,  and  Ae  Divifor  72,  what  is  the 
Jfejnber  that  lie  Qpotient  fliall  coniift  of?  To 
find  which,  feft  write  down  the  "Logarithm  of 
the  Dividend  648,  and  alfo  write  dbwn  tlie  L(?- 
garithm  of  the 

Divi^  72.  The  Log.  of  648  k  —  2.  81 157 
Then  fub-  ThqL^^.  of  72is— i.  8573? 
ftraft  the  L?^.  ^  ■' 

of  the  Divi-  The  Leg.  of '^  ^S"^o-  9?424 
ibr,outofthe  - — :    ■■  ■ 

L^.  of  the  Di- 
vidend, the  remainder  is  o.  95424,  the  Loga- 
rithm of  9',  fb  I  conclude  that  the  Divifor  JZ' 
is  contained  in  the  Dividend  648,  9  times,  and 
fb  do  for  any  other. 

PROP.    lU. 

To  find  the  Square-Root  of  a  Number. 

Admit  it  be  required  to  extraft  the  Square- 
Root  of  the  Number  144^  to  perform  which, 
firft  write  down  the  Log.  -of  144,  which  is  2. 
158J6.  Then  take  the  half  thereof,  which  is  i- 
'        079185  it  is  the  Log*  of  12,  the  Root  of  144 

.^       propounded,  and  fo  do  for  any  other. 

,  7  V  Note  on  the  contrary,  by  doubL'ng  the 

Log.  of  any  Number,  you  have  the  Geometri- 
cal Square  thereof:  And  hy  tripling  the  Leg*  of 
any  Number  you  liave  the  Cube  of  it. 

PROP. 
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PROP-  iv: 

To  find  the  Qibe  Root  vfany  'Number.  §  2» 

Admit  it  be  required  to  eztraft  the  Cube- 
Root  rf  1728  5  to  perform  vrhich,  firil  write 
down  Ae  Ifg.  of  1728,  which  is  ?•  2375:4, then 
take  the  third  part  thereof,  which  is  i.  07918, 
ifheL^.  of  12,  the  Cube-root  of  1728  the  Num- 
ber propofed,  and  fo  for  any  otner.  Note  on 
the  contrary,  if  you  multijply  the  Log.  of  any 
Number  propounded  by  5,  it  produceth  the  Log. 
<^the  Cube  thereof. 

P  R  O  P.    V. 

A  Summ\fMpney  being  forhorn  for  aity  Number  \ 
cfTears^  to  find  how  much  it  wiU  amount  unto^ 
reckoning  Intered  on  Intereft^  according  to  anj 
l^te  propounded.  - 

Admit  300  Pounds  Sterling  be  put  out  for 
4  Years^  for  Compound  Intcreft  at  6  /.  perCent^ 
what  will  it  amount  to  when  the  four  Tears  are 
expired  >  To  find  which  fiibftraft  the  Log.  of 
300  /.  the  Principal,  whole  Leg.  is  2.  477121, 
out  of  the  L^.  of  3 18  A  Principal  and  Intereft 
for  a  Year,  whole  Leg.  is  2.  502427,  the  re-  -\ 

mainder  is  o.  025306,  whidi  being  multiplied  ,,^^^^1 
by  4,  the  Number  of  If  ears  of  its  Continuance,  ^  ^ 
produceth  o.  101224,  which  added  to  the  Leg.  ^  '/ 
of  the  Principal  300/.  to  wit,^  to  2.  477 12 1»  -^  ^  , 
makes  2,  578345,  whidi  i?  tte  Log.  of  378  /.  ^y^y^ 
14/.  10  d.  2q.  very  near,  and  lb  much  will 
3C0  A  amount  to. 

D4  prop; 
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PROP.  vr. 

A  Sum/a  cf  Money  hetng  to  bipaid  hereefter^  to 
find  achat  it  k  worth  ht  ready  Money. 

Admit  loo  Pounds  Sterling  to  be  paid  at  30 
Years  end  ^  I  demand  how  much  it  is  worth  in 
ready  Money  >  After  the  r^te  of  Intereft  of  6  L 
per  Cent.  To  find  which,  fubftraft  x)^t  Logarithm 
of  ICQ  the  Principal,  whofe  I/{f.  is  2.  000000 
from  the  Log.  of  1 06  Principal  and  Intereft, 
whofe  L^.  is  i.  <)2'}7,o6^  the  remainder  is 
0.025306,  wliich  multiplied  by  30  die  Num- 
ber of  Ytars  to  fiicceed,  produceth  o,  759180^ 
.  which  fubftrafted  out  ot  2.  000000,  leaveth 
I.  240820,  which  is  the  Lq?.  of  lyrt^-I,  which 
fliewcth  the  faid  100 /•  is  worth  but  17/.  Sx, 
2d.  I  q.  fere, 

PROP.    VII. 

ATearly  Rent^  or  A^tnuity^  to  continue  arr^  Num- 
ber of  Tears^  to  find  what  it  U  worth  tn  ready 
Money y  at  any  Rate  of  Interefi  propounded. 

What  is  100  Pound  per  Annum^o  continue 
i?o  Years,  worth  in  ready  Money  at  6/.  per 
Cent.  To  find  which,  firft  fiibflxaft  the  Log.  of 
ICO /.'the  Principal,  which  is  2.  ooooco  from 
the  h0g.  of  106/.  Principd  and  Intereft  for  3 
Year,  whofe  Leg.  is  2. 025306  the  remainder  is 
o.  025306 :  Then  multiply  o.  025306  by  30  the 
>Jumber  of  Yeftrs  of  its  Continuance,  it  produ- 
ceth the  Number  o.  7  5  9 1 80  ^  Then  divide  1 00  /. 
by  6  the  rate  of  Intereft,  and  the  Quotient  is 
lorrvM,  £?'f.  which-  iS^V.V.-  is  the  propor- 
tional 


in  ArithmeticL  41 

tional  Parts  of  100 A  the  Principal^  then  add    §  2. 
the  Log.  thereof,  which  is  i.  221829  to  the  for- 
mer L^^.  0/759180  it  produceth  i.  981009^ 
which  IS  the  Log.  of  95  riVA  parts  the  Arrear- 
ages with  the  faid  Summ  for  that  time  •,  then 
from  thofe  Arrearages  9jTvivl  fubftraft  the 
parts  proportional  of  100,  to  wit,  16  ri'ii^ 
the  remainder  is  j^rVAl^  which  is  the  bare 
Arrearages  for  that  proporticnial  part^  Then    . 
take  Ae  Leg.  of  7914^1 -t I,  which  is  i.  897929, 
out  of  the  which  take  the  Lqg.  found  by  Mul- 
tiplication of  Years^  to  wit,  o.  759180,  there 
remains  i.  138749,  which  is  the  Leg.  of  the  Va- 
lue of  the  Arrearages  in  ready  Money  ^  then  to 
the  JL^.  J.  138749,  add  the  L^.  of  loo/.  Prin- 
cipal, 2.  000000,  it  produceth  this  Number  ?• 
1 38749 1  the  Leg.  of  1 37  6  rivl  reduced  is  1 376  /• 
^Jh.  7  d.  7^  or  rfere:  And  £0  mudi  is  the  laid 
Annuity  worth  in  ready  Money, 


>*  .. 


CHAP. 
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CHAP.    III. 

the  ExpUcathtt  of  the  Sine,s, 
Tangents  ana  Secants. 


■fiF"^"*^ 


S  E  C  T.    L 

§  i^    Of  Right  Sines^  Tangents^  Secants^  CthSines, 
.  TatfgentSf  and  Secants ':  Of  any  Archy  or 
Angle  of  a  Triangle. 

PR  OP.    t 

Td  find  the  right  Sitte^  or  Tangent,  cfany  Arch 
-  -  cr  Angle  of  a  Triangle^  containing  any  Number 
. "  if  Degrees  and  Minutes. 


to  wderftdud^  that  every  Circle 
ufuppofed  to  be  iioUei  mto  360 
equal  pansy  wbicb  are  called  De- 
greets  and  every  of  tbofe  Degrees 
mo  60  Minute  f,  snd  every  Mi' 
mute  into  60  Seconds,  and  every 
Secmd  into  60  Thifdsy  8cc.  fo 
tbat  a  Semicircle  contains  iSo 
D^rees^  and  a  Sifddrant  90  Df- 
greesi  Nwan  Arcb  or  Anile  of 
«  TriamUy  is  tbe  Inter feBim  of 
its  two  fidet^  Md  tbe  Akafnre 
tberetf,  is  an  Arcb  of  a  Cirele, 
nbfcb  cuttetb  each  of  tbe  tmo 
fides  efddiftant  from  tbe  Anffh 
ttf  Pointy  Cwbtcb  is  tbe  Ceth> 
ter.J  NowtbeLogsritbrn^Sine^ 
or  TaiigentofanyfHcb  Arcb  of  a 
Trias^y  containing  any  Nnm 


IF  the  Angle  or  Arch  of  the 
TriaJagk  propounded  be  leis 
than  45:  Deg.  the  Sine,  or  Tan- 
gent, belonging  thereunto,  is 
found  in  the  Column  under  the 
Title  SiNti,  or  Tangent,  at 
the  top  of  the  Tables  and  if 
there  oe  any  Minutes  annexed 
unto  the  Degrees,y  ou  muft  find 
them  out  in  the  firfl  Column  un- 
der M.  figniiyingMinutes,  and 
oppofite  to  thofe  Minutes,  and 
under  the  Title  aforefaid^  vou 
£hall  have  the  Logarithm  of  the 
Sine  or  Tangent,  of  the  Arch 


^.^ ^  or  Angle  required. 

her  ^fhegreet  or  Mtimteo  tf  tbe  StB^^t^i  nia.y  be  found  in  tbe  tables^  frha- 
id  at  tbe  End  of  tbis  Booi,  wbere  they  tueflmly  et^refftd,  and  sre  found 
as  direSed  in  tie  fretcdem  Rules. 

But 
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But  if  the  Arch  or  Angle  of  a  Trianele  er-  fj  %, 
ceed  45  Degrees,  you  muft  then  look  for  the 
Sine  or  Tangent  belonging  thereunto,  in  the 
bcyttom  of  the  faid  Table  ^  and  if  thereunto  are 
INCnutes  annexed,  you  muft  look  for  them  in 
die  firft  Column  to  the  Right-band  under  M, 
and  fb  oppofite  to  tboie  Minutes  in  the  Column 
above  the  Titje,  Sine,  or  Tangent  •,  there  have 
you  the  Log.  of  the  Sine,  or  Tangent,  of  the 
Afdi  or  Angle,  of  the  Triangle  propounded. 

Examp.  Suppofe  it  were  required  to  find  the 
Ix)g-Sine  or  Log-Tangent  of  an  Angle  of  2$  D. 
?7  M.  whole  Log-Sine,  whereof  according  to 
the  former  Diredtions,  I  find  to  be  9.  63583?, 
and  Tangent  theireof  to  be  9.  680768,  and  fo 
for  any  ©thereunder  45  Degrees. 

Again,  fuppofe  it  were  required  to  find  the 
Los-Sine  or  Log-Tangent  of  an  Angle  of  64  D. 
23  Mt  the  Sine  whereof  I  find  to  be  this  Num- 
bar  9.  95:5065;,  and  the  Tangent  thereof  10, 
31 923 1,  and  fo  for  any  other  Arch,  or  Angle 
of  a  Triaqgle,  above  45  Degrees. 

■ 

p  R  o  P.  n. 

To  Jini  the  Co-Sine  or  Co-Tangent  of  any  Arch^ 

or  Angle  propounded. 

Dejirt.  TTie  Co-Sine  or  Co-Tangent  of  an  An-» 
gle  or  Archj  is  the  remaining  part  of  the  An-^ 
gle  propounded  to  a  Quadrant  or  90  Degrees  j 
and  is  by  fome  called  the  Complement  of  an 
Angle.  Thus  the  Arch  or  Angle  of  64D.  23  M, 
taken  out  of  90  D.  leaves  25D.  37  M.  for  its 
Complement  •,  on  the  contrary,  if  25  D.  37  M. 
were  taken  out  of  90  Degrees,  there  would  re- 

^        maii^ 
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§  u  main  6^V.  23  M.  for  its  Complement.  So  70a 
fee  that  thefe  two  Aisles  are  the  QpQiplements 
of  leach  other,  becaule  thqr  two  are  ^qu^l  to  a 
Quadrant  or  90  D^rees. 

Now  the  Logarithm  of  the  Complement  may 
be  eiadly  found  with  eafe  ^  for  the  Sines  and 
Tangents  of  every  Degree,  and  Minute  of  die 
Quadrant  in  one  .Column  is  joyned  with  his 
Complement  in  the  next  Column  ^  fo  that  with- 
out mbftradiijg  the  Angle  from  90  D.  you  may 
readily  find  the  Complement  thereof  either  the 
Arch  in  Degrees  and  Minutes,  or  the  Log-Sine, 
or  Tangent  thereof,  as  you  have  occaiion : 
Thus  the  Log.  of  the  Sines  Complement  before 
meiitionedj  to  wit,  64  D,  23  M.  Compl.  is  25;  D. 
37  M.  is  9.  635853,  Tang,  is  9.6807685  fo 
64  D.  23  M.  is  the  others  Compl-  wliofe  Sine  is 
9-  9J5o6y,  and  his  Tang,  is  10.  319231^  fo 
for  any  other. 

PROP.    III. 

To  fait  be  Secant  ofaity  Arch  or  Angle propouniei. 

In  this  little  Book  I  have  not  room  to  let 
down  the  Tables  of  Artificial  Secants  at  large^ 
as  I  have  done  with  the  Sines  and  Tangents ; 
Neverthelefs  I  will  not  here  omit  to  ftiew  how 
they  may  be  eafily  found  out,  by  the  Tables  of 
Sines.  The  Method  .is  thus,  fiibftra^  the  Lo- 
garithm Sine,  of  the,  Sines  Compl.  of  an  Angle, 
trom  the  double  KaHus  of  the  Tables,  and  the 
remainder  (hall  be  the  Secant  required :  As  if  I 
defirc  the  Secant  of  25  D.  37  M.  I  find  the  Lo- 
garithm-Sine of  his  Complement  to  be  9. 955065^ 
which  fubflradted  &om  the  double  V^ms.  that 

IS 
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is  20. 000000,  there  remains  lo.  044955,  which  ^  i, 
is  the  Secant  of  it,  and  fb  the  Secant  of  64D. 
23  M.  is  9.  955065,  which  is  the  Complement 
of  the  former  •,  becaule  they  both  are  equal  to 
20.  oodooo,  the  double  Radius^  and'  fo  may 
any  other  be  found  out. 


"^— ^ 


CHAP.    IV. 
Of  GEOMETRZ 

D^/r.T*^FtE  End  and  Scope  of  Geometry  is 
l  to  meaCire  well:  For  as  Number 
or  Multitude  is  the  Subjeft  of  Arithcietick,  fo 
is  Magnitude  that  of  Geometry :  To  meauire 
well,  IS  therefore  to  confider  the  Nature  of  eve- 
TV  thing  that  is  to  be  meafored ;  to  compare 
iuch  like  things  one  with  another^  and  to  un« 
derftand  their  Reafon  and  Proportion,  and  aKb 
their  Similitude  :  And  this  is 

the  End  and  Scope  of  Geo-  .^*  (^oJ  quarunr' coinofcenJi 
nietrv  "^  '  '"^  ^''''"^'  '*^^  ^^'"l^^  '^» 

•'^     *  non  fy  ^nt  (ptod  oritur^  quittdo^ 

fie  (y  tnurit.  Gcometridy  ffw  quod  efi  fcwper^  jCoimio  eft.  Ac  taUet 
iptur  (*  Gentfjfc  w)  ai  ventareniy  Mmmm  :  atqae  hs^  /ut  FbUoffban- 
dum  pritpargvii  coi'ttaimemy  ut  ad  fuperd  convertamus :  quA  nunCy  emira 
fiha  decet,  ad  i^eriora.dejidimtfy  &c.    Plato  lib.  7.  de  Rep. 

I  {hall  hot  trouble  jrou  with  the  Definitions 
of  Geometry,  they  being  largely  handled  by 
many,  and  herein  everyone  meanly converfint 
in  the  Study  o£  the  Mamematicks  is  acquainted, 
but  {hall  immediately  fall  in  hand  with  the  . 
principal  Proportions  which  chiefly  concern  the, 
other  tbllowing  parts  of  this  Treatife. 

SECT. 
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S  E  C  T.    L 

§  I.      The  Explication  of  fonte  Geometrical  Pro- 

fofitions. 

P  R  O  P.    I. 

To  ereS  a  Verp^niicular  on  any  part  of  a  Line 

ajfigneL 

* 

¥ig.  I.  r  ET.  the  Line  be  A,  B,  and  on  the  Point  D^ 
Ly  'tis  "required  to'  raife  a  ferpendjcalar  to  A, 
B:  To  operate  which,  firft  open  your  Gmx^ 
palles  to  anr  convenient  diflance,  and  placing 
one  Foot  tnereof  in  D^  with  the  other,  m^ce 
the  two  Marks  C  and  E  cquidiftant  from  D  ^ 
•  then  open  the  iCoijipafles  to  fome  other  conve- 
nietit  diftance,  and  fet  one  Foot  jq  E,  ahd  de- 
Icribe  the  Arch  "f  IP -^  theft  likewife  in  Q  de- 
Icribe  the  Arch  GG,  then  through  the  Interfe- 
aions  of  thefe'  two  Arches^  and  to  the  Point  D, 
draw  HD  perpendicutar  to  AB ,  as  was  re-. 


Bg.  2. 


P  R  0  P.    It     ^ 

V  To  oreS  a  Verpeniicular  on  the  End  of  a  Line* 

*  Let  the  given  Line  te  AB,  and  on  the  EncT 
thereof  at  B^.'ti^  required  to  raife  .,a  Perpen^ 
Scuf^r^  Line : ,  Tp  perform  which,;  open  your 
Coml^alTes  to  any;  .aiflance  as  BD,  then  on  3  as 
a  Center,  defcri^'  the  Axch  D,  E,  F,  then  from* 
D  to  E  place  B  D  •,.  tHjBn  placing  one  Foot  ia 
E,  defer  ibe  the  Ax  A  Cr,  then  remove  your 
Compaflfes  to  F,  and  draw  the  Arch  CE» 

Laftly, 
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Laftly,  through  their  Interle£tion  draw  CB,    ^i. 
whidi  is  a  Perpendicular  to  AB^  on  the  end  B^ 
as  required. 

PROP-    III. 

From  a  Vmnt  abcve  to  let  faH  a  Verpenitcular 

on  a  Line. 

Let  the  line  given  be  B  A,  and  'tis  required  fig.  ^,1 
from  the  Pomt  above  at  C,  to  let  fall  a  Per^ 
pendicular  to  the  f^dlSxie:  To  perform  whid^ 
place  cme  Foot  of  your  0>mfdnes  in  C^  and 
open  diem  beyond  the  given  Line  AB,  andde 
firibe  the  Ardi  EF^  divide  £F  into  two  paris 
in  D*,  Laftlj,  draw  CD,  whidi  ihall  be  per* 
pendicular  unto  A  B,  falling  from  the  Point 
above  at  Q  as  was  &  required. 

P  ROP.    IV. 

To  draw  a  rfgbt  Line  ParaJkl  to  a  rjgbt  Unel  .    .\  1 

at  any  diftance  afynei.  ; 


Let  the  diflattce  afligned  be  QE,  and  ihif  F^.  4; 
Line  given  be  AB,  aod  'tis  iMiirea  to  draw 
CD  Parallel  to  AB^  at  tbe  diflanoe  0£  ;  T^ 

Srfbrm  wMcfa,  take  in  your  CompaiTes  the  d> 
nee  0£,  and  on  A  ddhibe  tibe  Arcb  H)  and 
on  B  the  Arch  K  ^  dien  draw  CD,  fb  as  it 
may  juftiv  touch  die  tmoJUrcbet^  but  cut  them 
not^  &  inall  CD  be  parallel  to  Afi|  at  die 
afligned  difbnce  0£,  as  was  required. 


PROP. 


48  Geometrical  Propojitions, 

PROP.    V. 

To  protraU  an  Aj^U  of  any  ^antlty  ef  hegrees 

propounded- 

»       .  » 

Cjf .  5,  Let  it  be  required  to  protraQ^^  or  lay  down 
an  Angle  of  40  Dejgrees :  To  perform  which, 
firft  draw  a  right  Line  as  AB,  then  open  your 
Compaifes  to  -Go  *-  Degrees,  in  jh^ur  Line  of 
Chords :  And  with  that  Diftance  on  A^  defcribe 
rfie  Arch  EF^  then  take  40  Degrees  in  your 
Gompafles  oiit  of  your  Line  bf  Chords^  and 
place  it  on  the.  Arcb^  from  F  to  H.  Laftly, 
tbroagh  the  Point  H,  and  from  A3  draw  A  6 ; 
,  fi)  {hall  the  Axg/e  CAB  contain  40  Degrees,  as 
required.    . 

P  R  O  P.    VI. 
To  fjieafure  (in  Angle  already  protraSei. 

fj?.  J.  Let  the.  il^jfir  given  be  CAB,  and  'tis  re^ 
ouired  to  find -the  Quantity  ther^f :  To  per- 
toym  which,  take  in  your  Cbiripafles  60  De- 
grees from  your  Line  of  Chords-^  and  on  A  de- 
fcribe the  Arch  EF^  then  take,  in  your  Com- 
paffts  the  Diftance  FH,  and  apply  it  to  your 
Line  of  Chords^  and  you  will  find  the  A/^lc 
C  A  B  to  contain  40  Degrtes. 

p  R  o  p.  vn. 

To  divide  an  A/iglt  into  two  equal  parts. 

fig.  6.  Let  the  Angle  given  be  BAG,  and  'tis  re- 
quired to  divide  it  into  two  equal  parts :  To 
perform  which,  do  thus^  firft  take  in  your 
Cbidfiall^  any  convenient  Diftance,  and  placing 

one 


I 

Geometrical  Propojitions.  49 

one  l^oot  in  A,  defcribe  the  Arch  FKHE-^  §  i. 
tben  on  H,  defaibe  the  Arch  KK,  and  oh  K^ 
the  Arch  HH.  Laftly,  through  the  InterfeSions 
of  thefe  tvoo  Archesy  draw  the  Line  AD,  to 
the  Angular  Yoint  A  \  fi>  fliall  the  Angle  B  A(X 
be  divided  into  two  eoual  parts,  viz^  BAD, 
and  DAC,  as  reqiiirea. 

p  R  o  ?.  vrir. 

To  iiviie  a  rig^t  Une  into  any  Number  cf  equal 
or  unequal  parts  s  or  like  to  any  divided  Line 
propounded. 

Let  the  Line  AB  he  given  to  be  divided  into  fig*  f. 
$  eqiial  pdrts,  as  the  Line  t)D«  To  peiibrm 
which^^do  thus  ;  firft  on  the  Point  C,  draw  out 
a  line,  mdcing  an  A^gle  with  CD  at  pledfurey 
then  make  CF  equal  to  AB,  and  join  uieir  Ei- 
tremitiei  PD  j  theft  di'aw  Parattel  Lines  to  FD, 
thrdiigh  all  the  5  Points  of  CD  (by  the  4  Prop. 
a£)regoing)  which  {hall  divide  AB  into  ^  equal 
parts,  as  required :  This  way  is  to  be  obferved^ 
when  the  Lme  given  to  be  divided  is  greater 
than  the  divided  Line  propounded*    . 

C  A  S  E     IL 

But  if  AB  be  fliorter  than  the  given  divided  Fig,  8* 
ILine  CD,  take  the  Line  AB  in  your  CompalTes,    v 
and  on  D  ftrike  the  Arch  F  *  then  draw  the 
Xwr^f»rCF,  then  take  the  near-       jufe  two  Fr^fofitionr,  weB 

€&  diftance  from  the  firft  Di-     nnderftood^  do  dtmonfifitemta^ 

viiion  of  CD  to  the  Tangent-    other  trmfumts  and  thwon 
Vne  CF,  which  diftance  (hall    HS^i-i  •  ^ ?'*  '^ '*'  ^^ 

divide  AB  into  5  egual  parts,    y^/  inftrumemfor  Matbematkdl 

as  the  ^iven  divided  Line  CD,    Otcr/ttmt. 

as  required.  £  PROP. 
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^  I.  PRO  P.    IX. 

Um  to  protraS  or  lay  down  any  cf  the  Kegttlar 

figures^  caSed  Polygons. 

To  perform  which,  divide  360  D^ees,  (the 
Numwr  of  Degrees  in  a  Qrcle)  by  theNiunbct 
of  the  Po/rgon  his  fides:  As  if  it  be  a  Pentagon 
by  5,  if  a  Hexagon  by  6,  f!fc.  the  Quotient  is  the 
Angle  of  the  Center  ^^  its  Complement  to  180  D< 
(or  a  Sdmi-circle)  is  the  Angle  at  the  figtere^  half 
whereof  is  the  Angle  of  the  Triangle  at  the  R- 
gure :  Now  I  will  Ihew  how  to  delineate  any  Po* 
lygon  three  ways,  viz.  i  by  the  Angle  at  the  Qsn- 
ter^  2  by  the  Ar^le  at  the  figure^  3  hy  the  Angle 
of  the  Triangle  at  the  figure :  I  have  hereunto 
annexed  a  Table,  whichjgives  at  the  firft  Sights 
^  (without  the  trouble  of  Divifion)  i.tlieQuaa- 
tity  of  the  Angle  at  the  Center  •,  2.  the  (Quan- 
tity of  the  Angle  at  the  Figure^  and  3.  the 
Ciuantity  of  the  Angle  at  the  Triangle  of  the 
Figure,  from  a  Triangle  to  a  Decagon. 


Names   of 
the  Poly- 
gons. 

IS 

CO 

3 

— 

6 

7 
8 

J 

10 

Asglcs  0t 
the  Ccoter 

Angles  at 
the  Figare 

DM 

Aqgles  at 
the  Trian. 

DM 

D  M 

Triangle 

120  00 

60  00 

30  00 

Square 

90    GO 

90  00 

4?  00 

Pentagon 

72    00 
60    00 

loS  00 

54  00 
60  00 

Hexagon 

120  GO 

128  34t 

Heptagon 

5T  43t 
45  00 

40  00 

64  17  J- 
67  30 

Odtogon 

135  00 

140  00 

Nonagon 

70  po 

72  t)0 

Decagon 

36  00 

144  CO 

CSk- 
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§  t.  ; 

CoN^TRtrctlON    I. 

•  • 

tirft  by  the  Amk  at  the  Center y  to  deliijeate  fjj .  9. 

ft  HexagMy^  whofe  Angle  at  the .  Center  is  66 

Degrees  \  nrft  lij  Aown  an  Angle  of  60  Deg. 

(by  Prop*  the  5.  aforegoing)   making  its  fides 

of  a  convenient  Length  atpleafure^  then  take 

fach  a  di^ance  firom  O  the  Center  of  the  Fi-^ 

ire,  eooallj  on  ^th'  fides^  as  may  make  the 

iird  fiae  equal  to  the  fide  of  the  Polygon  giren^ 

which   here   is    loo    parts : 

♦  Then  diride  the  third  fide       *  But  this  in  a  ffekapm  liieJ 

eouallV  into  two  eaual  mit«.    ^  *^  ''^''''  ^^'^^^  *^  3  ^^^ 
mauT  inro  two  equal  parrs,    ^^^  ^^^    .  ^^  t^at^im  /» 

tnd  draw  a  Lme  through  it,  jj  ^^  ^/^^^^  ^i^  ;,.jf  ^ 

from  ®  the  Center :  Set  each  im. 

half  of  the  fide  of  the  Polygon       ^      ........ 

too,  to  wit,  50  5  on  each  from  ,JMVi^i%iX 

^v    '  -jji    ' /•  ^^    ^i_j    1  T»  ceedorbeflhrtoftb:  fide  cftbe 

the  middle  ot  the  third  Line ;    p,ijj^on^\^undtd.  then  I^F^ 
t  Thus  having  placed  the  fide    raiieiM  on  tMb  pde,^  cut  the  fidet 

of  the  Hexqgan  PP, .  loo  parts     i^^^  rrian^U^ia  tou  btvefmd 

Vexagon  PPPPPP,  as  was  te-    ^^^  Sec* 
quired* 

CoNstErctioi*  IL 

WoW  br  the  Artgle  cfthe  Ytguri^  \o  dellne^e  Yig.  tol 
Hiny  regular  Po/jagon^  let  it  be  required  to  pro- 
trauS  a  Uex/fgan^  whofe  fide  is  afttfe  is  1 00  nsurts  ^ 
&ft  I  draw  a  Lin&  and  make  it  loo  or  tho& 
^arts:  Then  I  find  in  tlie  prec^ent  Table  the 
Angle  of  a  Hexagon  at  the  Figure  to  be  120 
P^ees.  Then  on  eadi  fide  of  the  drawn  Line 
\  \a.j  down  an  Angle  of  1 20 ,  Deg.  (accordini 
tip  ntefji  precedmt  Propofitions)  and  £>  work  i 

£  t  times,, 


I 
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&  I     times,  (or  as  many  times  as  your  Volygon  batW 

^   '     fides)  making  «ach  fide  100  parts,  and  eag 

Angle  1 20  Degrees  j  fo  fhall  you  have  -- 1«*-« 

the  ?of^on  PPPPPP,  as  required. 


CoWStRUCTION  III. 


Fie.  1 1.      To  protraa  or  lay  down  a  ii'^m  ,^  ??T 

*^         other  Regular  P.AiS^,  h  '^  ^^'£jH^"' 

angle,  do  thus  -,  firft  drawr  the  ^de  6f  die  Hrx^ 

gon  PP,  make  it  100  parts.    1  ^^  m  the  pr^ 

ident  Table,  that  the  Angle  of  the  Triangle 

is  60  Deg.  then  at  eadi  end  of  the  Line  n%  I 

*  *  by  dovrn  an  Angfe  of  60  Deg. 

ftO"  Ohfenu  ttefe  Rules    (jjy  Prop.  J.  prieciedent)  tod 

mUiifcr  joumiifjndtbtmef    -Q^tinue  the  two  Lines  PO 

*i/fm»«Z:f(ri«F«ii/it4»»»,8ic    ^^^  p^  ^^^^^  ^^^y  interfefi 

each  other  in  O :  Thai  on  O,  as  a  Center  (  OP 
beina  Radius)  defcribe  a  Circle,  and  within  it 
Sibe  the  Hex^o^  PPPPPP,  «  you  fee  m 
the  Figure :  And  fo  mar  you  delineate  any 
cSiaPolmn.  whofe  Angles  from  a  Triangle  to 
?S..*«e  aU  fpeSfied  in  the  precedent 

^^^^^  PROP.    X 

T4>  divide  a  Vne  according  to  any  affig^ei  Fro- 

portion. 

f.  ,.  Admit  the  ridit  Line  ^ven  to  be  AB,  and 
^'^''''  \is^JuU  to  Svide  the  feme  into  two  p^^ 
beariii  Proportion  the  one  to  tiie  other  as  t^ 
Unes  I,  an?F  doth :  To  perform  whidi,  firft 
draw  the  Line  CD  equal  to  the  given  Dne  AB , 
then  draw  th.  Line  HC  from  C,  to  comain^ 

Angle  at  pleafurc.    Then  ftom  C  to  G  pl^ 


II 
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the  Line  F,  auid  from  G  to  Hplace  the  Line  £:  ^  i, 
Then  dray^  the  Line  HD.  And  laftly,  draw 
GK  parallel  to  HD,  (by  the  4  Prop,  precedent) 
£>  is  the  Line  DC  equal  to  AB,  and  divided  in- 
to two  parts,  bearing  fuch  Proportion  to  each 
other,  as  the  two  given  Lines  £  and  f^  9s  was 
rehired. 

PROP.    XL 

To  two  Lines  given ^  to  find  a  third  proportional 

to  each  of  them. 

Admit  die  two  given  Lines  be  A  and  B,  and  ^£*  i  ?• 
'tis  required  to  find  a  third  Proportional  to  A, 
as  A  to  B  ;  Firft  make  an  Angle  at  pleaiure,  as 
HIK  \  then  place  the  Line  B  from  I  unto  P, 
and  die  Line  A  from  I  unto  L,  and  draw  PL^ 
then  alio  place  the  Line  A  from  I  unto  M,  and 
draw  QMy  parallel  unto  LP,  (by  4  Prop.)  fb 
ihall  the  Line  IQ.  be  a  third  Proportional  unto 
the  two  given  Lines  A  and  B,  as  was  required. 
For  as  B  is  to  A,  lb  is  A  unto  the  Proportional 
found  IQ, 

PROP.  xn. 

To  three  Unes  given  to  find  out  a  fourth  Fro- 

porticnal  unto  them. 

Admit  die  three  given  Lines  to  be  A,  B,  and  Ftg.  \4 
C  i  and  *tis  reouirM  to  find  a  third  proportion 
nal  to  tibem,  wnich  fliall  have  fuch  Proportion 
unto  A  as  B  hath  unto  C  To  perform  which, 
firft  make  an  Angle  at  pleafiire  as  DKG,  now 
feeing  the  Line  C,  hath  liich  Proportion  to  B, 
?s  t!)e  Line  A,  unto  the  Line  fought :  There- 

P  5  ft>j^ 
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^  I.  £>re  place  the  Line  C  from  K  unto  H  and  B^ 
from  K  to  If,  and  draw  FH.  Ag^in,  place  the 
iLine  A  from  K  to  I,  and  draw  IE  parallel  onto 
FH,  (by  4  Proi).)  until  it  cutteth  DKih  E%  fo 
have  you  the  Line  K£,  a  fourth  Pmportional^ 
^s  was  required ;  For  as  C  is  unto  JS^  £>  is  A 
unto  the  found  Line  KE 

P  R  OR    XIIL 

To,  find  ^  mean  pr  opart  ionnl  line  bctwefn  ary  tw^ 

right  tines  given. 

•i 

« 

fk-  ^5*  ^^  ^^^  ^^  given  Lines  be  A  and  B,  between 
•  '  -  *  which  it  is  required  to  find  a  mean  proportion 
nal  Line*  To  perform  which,  firft  joyn  the 
two  Lines  A  and  B  tdg^ether,  fb  as  they  make 
the  right  Line  CED ;  Then  deicribe  thereon  9 
$emiar(le  CFD  •,  theii  on  the  Point  E  cred  the 
^erpeniicuIarEFj  (by  1  Ptop.)  to  cut  die  Limb 
of  the  Semicirclf  in  F^  fb  mall  EF  be  a  meaii 
proportional  Line  between  the  two  given  Lines 
A  and  3,  as  irequired. 

.  .    PljLOP.    XIV- 

Tofiti  tw  ntean  proportional  Unes  hftvoejen  any 

tfoa  right  Unes  given. 

f^.  16.  Let  the  two  given  Linis  be  A  and  B,  ^  betWefeO 
And  Ms  cf.ll  ^ber  the  in.  ^ch'ti>  required  to  fold  two 
iieitf/wia/piato,  ApoJioniuf.  mean  Proportionals.  Toper- 
Spbhis.Architas,  Diodes,  Ni-  lorm  which,  firft  mUce  an 
comrdus,*  gMd  m$f9  alter  /f-    Angl*  containing  90  Deg.  iiia- 

Sf'SSfMl^^  ItingthefidesCP.andCEof 

re^firMMMce  ofthhCmhfii  ^  convenieiit  Length  :  Theft 

hboft  feverai  Aktb^  I  conU  ttom  C  place  the  Line  B  unto 

bere  dtfcribe,  km  fn  Arevir/  F,  and  the  Line  A  from  C  un* 

"'     '    *•      '    '  divide^ 
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diviele  equally  in  H,  and  defcribethe5^/a/V/>r/^  ^  i. 
FKG.  Then  take  the  Line  B  in  your  Com- 
pailk,  and  placing  one  Foot  in  G,  with  the 
odier  make  a  Mark  in  the  Limb  of  the  Semh 
qrcle  in  K,  then  draw  ST  in  fuch  ioTt  that  it 
may  juftly  touch  the  Semicircle  in  K,  and  may- 
cut  through  the  two  fides  of  the  Angle,  equidi* 
^nt  from  the  Center  of  the  Semicircle  H  -,  fb 
ihall  SF  and  TO  be  two  mean  Troportionals  her 
twixt  the  two  given  Lines  A  and  B^  as  re^ 
quired. 

P  I^  O  P.    XV. 

To  make  a  Geometrical  Square  equal  to  divers 

Geometrical  Squares, 

Let  there  be  giv^i  the  5  iides  of  five  Geome-  Tig.  l^. 
fricai.  Squares^  viz.  A,  B,  Q  D,  E^  ^nd  'tis  re- 
quired to  make  one  Geometrical  Square  equal  to 
me  faid  five  Squares :  To  perform  which,  ficft 
make  a  Hight  Angle  as  ABQ  making  its  con- 
tained fides  of  a  convenient  Length.  Then 
from  B  place  A  to  D,  ^nd  from  B  place  B  to 
E^  and  draw  ED^  theii  place  ED  from  B  toF, 
;ind  C  from  B  to  G,  and  draw  GF  5  then  place 
GF  from  B  to  H,  and  D  from  B  to  I,  and  draw 
IH.  L^ftly^  from  B  unto  K  place  IH,  and 
from  B  unto  L  place  the  Line  £«  and  draw  LK. 
So  fhall  LK  be  the  fide  of  a  Square,  equal  to 
(hf  five  Squares  propounded. 


B4  PROP. 
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§1. 

PROP.    XVI. 

To  make  a  Orde  equal  to  dhers  Circles propounigi. 

fii*  |8«  Let  the  two  Circles  propounded  be  A  and  B, 
and  'tis  required  to  make  a  third  Circle,  equal 
to  the  faid  Circles  propounded.  To  perforin 
which,  fir  ft  take  the  Diameter  of  the  leflei:  Cir- 
cle A,  and  place  it  as  a  Tangent  on  the  D/iw^ 
ter  of  the  greater  Circle  B,  at  right  Jjigles^  as 
ECD.  Tlien  draw  th^  Diagonal  ED,  which  di- 
vide equally  in  F,  on  whidi  as  a  Center  defcribe 

the  Grcle  K,  making  ED  the 
^  So  after  the  fame  rnanm^    Diameter^  of  which  Circle  K 

'^\^'^l'fi^/     tl    Ihall  be  equal  unto  the  two 

one  by  tU  help  of  the  former  Pro-     t*  >,•  J  j  a        a  t>    • 

i4ihn  f^ittuUrfiJd.         '    given  Curdes  A  and  B,  as  re- 

4uired^. 


■wr 


SECT.    II. 

Of  Planomctry ,  or  the  way  to  mf^afure  any 

flam  Superfice. 

PLanometry  is  that  part  of  the  Mathematickt 
derived  from  that  noble  Science  Geometry^ 
by  which  the  Superficies  or  IPlanes  of  things  are 
theafui*ed,  and  by  whidi  their  Superficial Cont^i 
is  found,  which  is  done  moft  commonly  by  4hi 
Squares  of  fuch  Meafures,  viz.  a  Square  Incb^ 
^uare  foot^  Square  Tard^  Square  Pace^  Square 
Ferch^  &c.  That  is,  whofe  lide  is  an  Inch,  footy 
lardy  Pftce^  ox  Ye  arch  Square.  So  that  the  Con- 
^enit  of  any  Figure  is  Sid  to  be  found,  whei^' 
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you  know  how  many  fudi  Inches^  Feet^  Taris^     k  ^* 
J?aces^  Sec.  are  contained  tfaereii).  Thus  the  Ebd 
^nd  Scope  of  Geometry  is  to  meafure  well* 

PROP.    I. 

To  find  the  Superficial  Content  of  a  Geometrical    . 
•    '     •      '■  Sjuarf, 

Let  the  fide  of  die  Square  AA  he  4  Perch^  ¥^*  I9« 
what  is  the  Area^  or  Spperfidal  G)ntent  thereof  > 
To  find  which  multiply  it;  fide  4,  by  its  felf^ 
it  producedi  16,  which  is  the  Content  of  that 
Square  AAj(UV  propounded. 

P  R  O  p.    IL 

To  find  the  Superficial  Content  of  a  VaraHelcgranh 

or  long  Square^ 

Multiply  die  Lengdi  in  Parts  by  the  Breadth  fjjg.  20. 
in  Parts,  the  Produa  is  the  Content  thereof. 
So  in  the  ParaUelcgrM^  or  bug  Square  ABCD, 
the  Length  of  the'  fiae  AB,  or  CD,  is  20  Paces^ 
and' the  Breadth  AC^  or  BD,  is  10  Paces,  and 
Jiis' Superficial  Content  is  reqpiired.  I  lay  there- 
fore if  according  unto  the  Rule ,  you  multi- 
ply the  Length  20  hy  the  Breadth  lo,  it  nro- 
duceth  200  ^ces,  which  is  the^ Content  of  |he 
fV^^i-^m  or  long  Square 


*/«! 


WU^* 


''  A      All   >^  «^ 


r^pB 
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PROP.  ra. 

Tofyi  the  Superficial  Content  cfany  Uight'tinei 

Triable. 

fk*  SI*  ."^^o^^  rlghMmefl  Triangles  are  of  (ever^ 
*^^*  *  Kinds  maFoxms  ^  as  firft  in  relied  unto  thdt? 
Angles,  they  are  either  Righf-angledj  or  Obliques 
p^eJL,  i.  e.  Acute^Mglei^  fix  Obtufi-af^led.  Se^ 
fxmdly,  in  refpeft  of  their  fides,  diey  are  either 
VL Eauilateral^  IJofceles^  or  ScdeniumTriangle : 
But  teeing  dtey  are  all  meafiired  after  the  fame 
manner,  I  fhall  give  one  general  Rule,  whidt 
^SMli.  is  this  :  Mu/tip^  the  Length  tf  the  Bnfe  h  the 
Length  cf  the  rerpeniicular  j  thf  haj  of  thU 
froduQ  is  the  Area  or  Superficial  Off  tent  •  So 
if  the  Content  of  the  Triangle  ABC  be  reauired ; 
To  find  which,  firll  from  the  Angle  B  let  fall 
the  Perpendicular  DB,  on  the  Ba/e  AC,  (by 
Prop.  3.  §  1.)  let  therefore  the  Length  of  the 
Perpendicular  BD  be  24,  and  the  Bye  AC  44 
parts.  No\y  if  the  Safe  AC  44  wtre  multiply? 
cd  byBD  24,  the  Produdlis  1056,  half  where*^ 
cf  is  ^28,  the  Content  of  the  Triangle  ABC^ 
propounded^ 

•  * 

P  R  O  P.    IV, 

To  find  the  Superficial  foment  efa  tthonAus. 

fig.  22.  Firft  let  fall  a  Perpendicular  firom  one  of  the 
Ohtuje-angles  untoit^  oppoiite  fide,  (by  Prop.  3, 
§  I.)  and  then  multiply  the  Length  of  the  fide 
thereof  by  the  Lengtn  of  the  Perpendicular^  their 
ProAuft  is  the  Content  thereof. 

So, 
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80  in  the  Rbmbus  ABCD,  the  fide  AC,  or  §  2^ 
BD  18  1 5  Iftcbes^  and  the  Ptrpendicu/ar  KC  is 
14  Inches^  which  multiplied  into  the  fide  i5, 
voduceth  224  Inches  \  whidi  is  the  Area^  or 
iuperficial  0)ntent  of  tbt  J^barnkm  ABCP,  pro? 
|)ounded. 

PROP.    v. 

»  •  , 

To  find  tie  Superficial  Content  (f^  BbomboHes. , 

Firft  let  &11  a  Verpenisculur^  as  in  die  former  pr^«  21I 
Propoifitioii,  then  the  Length  thereof  multiply 
hj  the  Length  of  the  Peij^dicu/ar  ^  the  tror 
dud  is  theJrea^  or  Superficial  Content  thereof 
For  in  the  Bbomboides  EDAH,  whofe  Length 
AH,  or  EP  is  32  Feet^  and  the  Length  of  the 
l^erpendiculMr  ISK  is  i5  feet^  which  multiplFt 
ed  together  produceth  $12  teetj  whidi  is  the 
Jirea  or  Superficial  G>nteQt  of  the  t^omboides 
AHED,  prppokindedi 

PROP.    VI. 

T^ofind  the  Supfrfiad  Content  cfeny  PoJ^on,  ct 
many  equal  fided  Superficies. 


%.  94*  Firfl;  from  the  Center  unto  the  mid-  r^.  34^ 
die  of  either  qfthe  fides  oftheP(?Agcw  let  fall  a 
Ferpendicu/aTj  (by  3,  Prop.  ^  i.)  then  multiply 
the  Length  ot  half  the  Periphery  by  the  Perpen- 
dicular^  tl^eProdua  Ihall  be  the  Sstperficid  Qm- 
ffff/.of  Afc  Pdjgon. 

Admit  the  Polygon  to  be  an  Hexagon  AAAA 
AA,  whofe  fide  AA  is  22  Feet^  and  the  Per^ 
PfndicularBE  l9Fee('y  now,  if  55,  half  the  Pr- 

riphery^ 
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§  5^     ripbery  be  multiplied  by  19^  it  produceth  itJ4 
Feet  'y  which  is  the  Content  of  the  Polygon  AA» 

Pro  P.  yn. 

To  find  the  Area  or  Superfidal  Content  of  an  ir^ 
regular  Figure  or  Polygon. 

This  and  the  like  Figures  are  prafidcally 
meaiur'd  by  dividing  it  into  Triangles  ^  whico 
dbne^  mecfure  each  Triangle  feveraUvy  and  ad^ 
the  fever d  Contents  together j  Jo  ma  the  Summ 
be  the  Content  (fthefmd  Figure. 

Suppofe  the  Dimenfions  of  an  irregular  Fi*» 
gure  are  as  in  Plate  9A  what's  the  Content  > 

Work  according;  to  the  preoSdin^  Diredion^ 
and  you  ihall  find  2375  Foot  6  Incnes. 

PROP.    VIp. 

To  find  the  Superficial  Content  cfa  Circle. 

fig.  ay.      Multiply  half  the  Circun^erence  by  one  half 
*  ^*    ^ '  of  the  Uiametery  tlieir  Produd  is  the  Superficial 
Content  thereof. 

Admit  the  Grcunjference  of  a  Grcle  ACBD 
be  44  Inches^  what  is  the  Area  ot  Content  there* 
of  >  (by  the  9<Prop.  §  1.)  I  find  the  Diameter  |^ 
be  I  ±  Inches  J  therefore  I  fay  if  22,  lialf  theO/^ 
cungerencCy  be  multiplied  by  7^  half  the  Dia^  -. 
neter^  it  (hall  produce  174  Inches *y  whidi  ia 
the  Superficial  Content  of  die  Grcle  ACDB,  zsl 
required* 

fROP, 


\} 


4       *      '  #•     ' 
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PROP.    DC 

By  the  Diameter  ff  a  Circle  groen^  to  find  the 

Orcmference. 


Suppofe  the  Diameter  be  14,  what  is  the  Or-    . 
cumference?  The  Analogy  or  Vroportion  hxi^ 
thiu,  as  7  to  22,  lb  is  14  onto  44^  the  Orcumr 
ferencewfmed. 

P  R  O  P.    X. 

By  the  Orewrference  of  a  Grcle  ^hetty  to  find 

•  the  Diameter. 

•  •       •     •»  . 

Suppofe  the  (jrcun^erence  of  a  Orcle  be  44,* 
what  IS  the  Diameter  ?^  The  Analogy  or  Propor- 
tion is  as  22  to  7,  fb  is  44  unto  14,  the  Dia-^ 
meter  required. 

But  here  note^  Theft  Proportions  of  7  to  22^ 
and  the  like,  are  courft,  and  fit  only  for  rou]^ 
Oilculations  ^  And  therefore  where  Exadnefs  is 
required,  the  followii^  IVoportions  muft  be 
uied  ^  which  is> 

As  I13::355»  or  as  I :  i.  141592^  O'r.  fo  is 
the  Diameter  to  the  Gfctmference. 

The  firft  pf  theft  is  Adrianm  Metim  his  Pro- 
portion, being  the  neareft  in  feweft  Figures  5     • 
the  ftcond  is  ilrffoWi^/s  Numbers,  and  is  yeiy 
convenient,  by  reafon  the  Labour  of  Divifion 
U  fav^  the  nrft  Term  being  Upity. 


I 


PROP. 
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'  PROP.    XT* 

By  the  Qmtent  of  a  Orclegwen^  tofini  the  Or* 

cumjerencCi 

Suppofe  the  Content  bf  a  Circle  be  1^4,' 
what  is  the  Orcuyrference^  the  Malo^^  or  Yr&^ 
perticm  ? 

At  7  unto  4  times  2  i,  which  is  8$,  fb  is  i  $4 
the  Content  of  the  given  Circle  %  to  the  Square 
of  the  Orcumfere/ice  1936,  Whdfe  Root  being  er* 
traded,  as  is  taught  (in  Propi  8.  ^  i.  Gbap^  I.) 
gives  the  Grcwf^erena  44,  as  reguired^ 

p  R  0  P.  xn. 

^  the  Content  cfa  'Circle  given^  toJInitU^ 

Diameter. 

Suppofe  the  Superficial  Content  of  a  Grck  be 
|^4partS)  what  is  the  Diameter  thereof  >  Tti 
find  which,  this  is  the  Analegy  cA  Froportioni 

As  22j 

Tq  4  times  7,  xghicb  is  i9^ 

Sops  i$^y  the  given  Content^ 

To  the  Square  cf  the  Didmeter  J  9^,  who(e 
'B.oot  being  extrafted  (by  8  Prop.  chap.  !•  §  i-) 
giveth  the  Diameter  14,  as  required, 

PROP,  xia 

« 

hf  the  Diameter  of  a  Circle  given  tofini  theJiJig 
of  a  Square  equal  thereto. 

To  find  which,  this  is  the  Analogy  ox  Tfo^ 
fiortifin. 
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As  !•  oooooo,  §  ^ 

Too.  886227, 

So  is  the  Diameter  cfthe  Grcle  propauniei^ 

To  the  fide  cfa  Square^  whoie  Superficial  Con-^ 
tent^  is  equal  unto  the  Superficial  Content  of  tht 
Orcle  propcNinded* 

PROP*    XIV. 

Bf  the  OrcuHference  cja  Circle  groen^  to  find  thi 
fiae  cf  a  Square  equal  to  it. 

This  is  the  Jinalogjf^  at  Froportioti. 

As  !•  000000, 

To  o.  28209^9 

$0  is  the  Orcunderence  cf  the  Circle  pro*- 
pounded,  to  the  fide  cf  a  Square  equal  to  the 
Circle. 

P  R  O  P.    XV- 

By  the  Content  cf  a  Qrcle  given^  to  fikd  the  fide 

cf  a  Square  equal  to  it. 

To  do  which,  extrad  the  Square-Root  of  the    . 
Content  propounded,  (by  Prop.  8.  Chap.  i.  §.  i.) 
fi>  is  the  Root  the  fide  of  a  Oeometrical  Square f 
equal  thereunta 

PROP.    XVL 

By  the  Diameter  of  a  Grcle  given^  to  find  the  fide 

of  an  infcribed  Square. 

This  18  ^Analcgy^  m  F report  ion. 

As  I.  ooooco, 

T/>  0.707107,  ♦ 

S$ 


^ 
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^2.        So  is  the  Diameter  of  the  Circle  propounded/ 
to  thejiie  cf  the  infcribed  Square. 

PROP.    XVII. 

^  the  Grcufrference  of  a  Qrdegiven^  tojmithe 
-Jiie  (fan  infcribed  Square. 

This  is  the  A/ialqgy^  (X  Fropartidn. 
As  I.  oooooo, 
Too.  225079,    . 

So  is  the  Orcumference  of  the  Circle  propound* 
cd,  to  the  Jide  (f  the  infcribed  Square^ 

PROP.  xvm. 

'  To  find  the  Superficial  Content  of  an  OUal^  or 

EUeipfis. 


fi^.  26.  Let  the  Oval  given  be  ABCD,  and  tis  rc- 
cuired  to  find  the  Area  or  Superficial  Contenf 
tnereof :  To  do  which,  multiply  the  Length 
AB  40  Inches^  by  the  Breadth  CD  30  Inches^ 
the  ProduS  is  1 200.  Which  divide  by  i.  2^5245 
the  ^otient  is  942  rsl  parts.  Which  is  th« 
A-ea  or  Superficial  Content  of  the  Oval  ABCD 
propoimded. 

PROP.    XIX. 

To  find  the  Superficial  Content  of  any  Seffion^  cat 
from  a  Grcle^  by  Unes  drawn  from  the  Center. 

Multiply  half  the  Circuit  of  the  SedUcn.  by 
the  Senndiameter  of  the  whole  Orcle^  and  the 
Produa  thence  arifing  is  the  Af^ea  or  Superficial 
'  Content  thereoE 

^■-  Sup- 
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Sbppoie  there  be  a  Orck  whofe  Diameter  is  §  2. 
24  parts,  and  the  Qrcuit  of  the  Quadrant  ABC  Fig-  27. 
is  1 1  parts^  and  the  Content  qF  the  faid  ^a- 
drant  is  defiled :  To  find  which,  multiply ;;  [• 
or  %.s  half  die  Qrcuit  of  the  ^adrant  by  7  the 
Semiiameteri  the  Produdt  is  218  tt,  which  is  the 
Contedt  of  the  ^Modrant  ABC  propounded  ^ 

PRO  P.    XX. 

Tc  weafure  a  Parabola,  vobich  /V^  Figure  bouni^ 
lei  by  two  Lines  ^  one  cf  which  h  curve^  the  : 
^tber  ffrat:  It  is  generated  by  cutting  a  Cone 
mtb  dplmn  Parallel  to  the  fide  thereof. 

The  Rule  for  meafuring  it  is^  to  multiply 
die  line  AB  by  die  Line  DC,  add  the  Vroaxxik 
again  by*  2.    This  laft  Produa  divide  by  3,  the  ) 

Quote  IS  the  Area  of  the  Parabola:  As  /       * 

Suppoie  the  Breadth  of  a  Farabda  be  29  Foot,  y*^:  9^ 
and  t&  Length  or  Height  45  Foot,  what  s  the    '  ^  ^ 
Area  >  WorK  according  to.the  pf^c^ing  Dire- 
fiioQ,  and  you  IhaU  imd  S^o^Foot  21  Inches, 
to  be  ^  Area.  ^ 


i«^ 


SECT.    III.  V 

(y  Stereometry :  Or  the  way  bev^  U  meafure     k  y^ 

any  Regular  Solid. 

^Tereametry  is  that  part  of  <he  Mathematich^ 
O  Q)ringinK  from  Geometry^  by  which  the 
Omteilt  of  all  folid  Bodies  are  di(cx>veied  by  two 
MM/tipHeations  or  three  Dimenfions^  and  is  va* 

P  lued 
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^  ^.  lued  by  the  Cube  of  fome  famous  Meafiire^  af5 
an  IncbCube^  a  looi-Cuhe^  a  TarirCdtbCy  ot  n 
Ferch-Cube^  fee. .  •  ^     • 

•  i  '  I  *  ■       J 

P  R  O  P.    1. 

Tojmd  the.foli'd  Content  of  a  Cube, 

Multiply  the  fide  into  its  fe^f,  and  that  Pro- 
dud  by  its  fide  again  ^  Shski  n:odu£t  is  the  fb- 
lid  Content  theredt         \  T 

K^.  28.  '  SupjHjfe  therie  be  a  QiAe-  A^  whofe  fide  is  2 
^eet,  .^nd  hislplid  CJoixteBt  is.l:equired  :  I  lay, 
if  his  fide^  b^  inultipJifid  by  its  felf,  it  ^xodu- 
ceth  4  5  which  aeain  multiplied  hj  2,  it  pro- 
tiucedi  8  Feet,  *  u^hiidi  is  the  £)lidX}ohtent  oft^c 
£>^^  prapoubded.'  !     *' 

t»R  QP.   n:  :' 

'  Tojini.  the  foTti Content  of  a  YaraMd^ipeidh* . 

■  •  ft      *      .  fl 

Firft  get  the  SuptrJUial  Content  of  thi  fih^ 
(1)yPro|l!ri,  or  2,  ^2.)  wliich  iiiuTtipl3rtn6i^  tife 
Length,  tlieProdud  is  tht  foIidCantent.  ' 
F^«  29,  Suppofe  there  be  a  ParaUe/opipedon  B,  whofe 
fides  or  the  Baje  is "40  and  30  Jncnes^  andLehgtli 
1 20  Inches  J  an(|  Hsfo/id  Cpntent  is  demanded : 
I  fay  if  you  multiply  50  by  40,'  the  Produd  is 
1200,  which  is  the  fffperftiel  Content  at  (Kfe 
Bafe  5  Which  multiplied  by  th^  Length,  1 2o 
Inches  produceth  144000  Inches,  which  is  the 
Xolid  Content  of  ibe  fartiBeh^iM  »,  'pitF 
pounded.  -  :     .  .    ^ 


«  • 


PRO^ 


ToJn4  ti^Mi  Ctmn^Jih  of  a  Qtinitr, 

Firft  g^Al^cfuferficial  Q^tejm. c£  the  Ciicie 
|t  thfc  ij:^^,  Ay,  Pr6p.  g:  fy.r^nd  b]?:  that  niqt 

tlply  its. jEkfeth, .  the  Produa  is  the  foM  On- 

ient.     '       T  ■ »  •  •■  •  .  ■     ^     •    .      .  • 

,  ^  Suppofe  -  ther^  be  i*  Qli/^^r^  ^  D^  whole  l^i  )oi 
J)iameUr  or  the  Or^/^  at  tJie  ^^  is  7  pait^ 
kifid  the  Length  oF  thp  Cylinier  is,  j  4  j)attSj  jiii4 
*tjs  required  to  find  the  folii  Content  thereof -: 
f^rft  I  JTnd  tli^'ffiperJUial  Content  df  thp  M 
td  be  38.  y,  which  irniltipliedjiijtb  )4  tneLetigtii- 
giveth  539.pirt§,  ^nich  is  i\iofoH  Content  .dr 
tttoQtiridet  'propounded;     -        '  /^ 

JfvR  O  Pi  ;iT 

'      ■  '        •  ♦  » * 

Firft  get  ^efupifrpial  Content  of  the  Bafe  6t 
the  PyramU^  Qyy  fi^oe.of  tie  afore^ng  Pro^ 
poiitions  in  P/anonfefriay  Mod  ihert  multipiy 
that  into  |  of  his  'Altitude^  the  Produfl;  is  ^the 

^S^ppo/e*  th'^be  a  Tyran^d^  H,  whdfe  fid^  of  K^.  3  li 
the  Bafe  is  44  paiis,  dt  ^At^  jfnd  his  Altitude 
Jl^'nartp,  :^n4^h|syiZrrf  O/T/w/  Js  required: 


produceth  8i  parts,  fw  the  f olid  CorttMt  of  tlie 
-r  F  2  PROP* 


'8  Ceontetrkal  Propofittons, 

PROP.  r. 

ToJM  the  f  din  Cement  efa  Cane, 

m 

•  -  » 

Pirft  find  the  fuperfad  Qmtem  of  the  QrcU 
at  the  Bj/ir,  (bjr  Prop. '7.  ^2.)  ^en  mntdhpl/  it 
^  '  bf  i  of  Its  Altttuii  or  Heighth,  the  Pcodua  is 
vt^foM  Cement  thereof 
^*  J2*  Suppofe  there  bta 0« as B,  whole X^me^ 
ter  oi  the  Ba/e  is  7,  and  his  Altitude  or  Hei^di 
is  1$  parts,  and  his  foTti  Qmtent  is  requured; 
Firft)  I  find  lixtfuperfcial  Content  of  the  Bqfe  to 
he  ^8t  or  38.  ^ )  which  multiplied  into  5^,  (| 
of  its  Altitude  or  Heighth)  producedi  192.  %^ 
or  i,  which  is  the  faSd  Cmtent  of  the  Cmr  pro^ 
pounded. 

PROP-    -VX 

Bf  the  Dimeter  if  a  Glebe  tc  find  bn/eiid 

Ontent. 

.  This  is  the  Analcgy^  Kit  Troportion^ 

As  6  times  7,  tffbieb  n  42^ 

2x  to  225 

Soils  the  Cube  cfthe  Diameter  4 the SfberCf 
•"  or  Globe  propounded^ 

To  the /olid  Conteih  thereof. 
'    Suppote  there  be  a  Sphere  or  G/obe^  whoft 
Diameter  is  12  Indies,  what  is  th^/olid  Conteni 
thereof?  Say,  (fee  the  Globe  R.) 

M  42, 

Ftf.  33.    *  is  to  22, 

5i?  ^  17  28,  the  Cube  of  the  Diamet^ry 


I. 


•\ 


i 


\ 


> 
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Tfi  thefoRd  Content  505  tr,  or  r  ofrbcGhbe,    §  3. 
iffr  5jpierr  prcnxMndod ;  Toil, 
apd  all  atner  tudi  like  PiropO'  •.  iiO' fue.ntt ernisikn 
fitions,  are  performed  by  the   H^JS'Jl!^'*Jrt^ 


p  R  o  P.  vn. 

ByibfGrcumferaueefs  Sphere,  erG/phe^  w 

^i  bis  f  olid  Omenta  - 

This  is  the  AndoQ^  tstVroportion. 
jSls  1. 000000, 
31?  0.016887, 

So  H  ibfs  Oibe  cf  the  Qrcwefcrence  cf  thfi 
GlobCy  or  Sphere  propourtied^ , 
To  thejolid  Content  thereof 

PROP,  rau 

^f  tie  Axk  qfa  Globe^  to  mke  a  Cube  equel 

thereunto. 

This  is  tile  Afialt^^  ot  froportion. 

As  1, 00000, 

To  o.  80604, 

&  it  the  Axis  of  the  Sphere  prMoundedy 

To  the  Cube-tUtot^  wh^  fhall  be  ^giial  to  iL 


P3  pro;*; 


P   ll.QP.      IXj  /       : 

&  ;Z>^  (armnferetfce  cfd  Gt^e:.  t^  mB  u  OAc' 
.'    "  .equal tberturtto.  .   .  '' 

This  is  the  Aztf/^,  or  Pr^i?r^A?^?»'   ^ 
';  uIji-  ooOQcb,  . .  •  ' 

5^  ^  tht  Orcufi^erence  ^theXskkep^cfo^f^^y . 
To  the  C»*i?*R(?^r,  which:feaUbe  egoaltotbi 
S/^&^rtf  or  (3/^^^  j)ropounded.^,  \        '  ' 

.CROP.   X. 

By  the  foM  Ctmrent  cf  a  Sphere  -or  QJobe^  to 
tnuhe  a'Quh  egual  thereunto.^  •   :    '^ 


«.   I       ; 


Extrad  the  Cube-Root  oi  die  foMCotheirr.  of 
the  Sfhere  or  G/d/'^^  (b^  Prop.  ,'9.  §  1;.  Chati;  i,) 
fc  Ihall  the  R66t,  fo^  found;  be  tfe  iid^  of  a  d/^^^ 
equal  unto  the  G/o^r  or  'Sphe?*e  propcamde^. 

P  R  O  p.    XI. 

^ASegfnent  of 'a  Sphere  being  ghin  td  Jin^  ihf, 
\  :■;     *'      '.  foiidContent  tlx/tof:.-     '  '       '     ^ 


--  <• . 


To  f  nd  which,  firft  fay.  As  the  Altitude  of 
^he  other  Segf^^t  is  to  the  A/iiudde^ot  the  ^^i- 
«f^;7r  gxveli,'  fo  i^  that  Altitude  ^theother^lj^^- 
'pient  mcreafed  by  half  the  4^^  xOito 'a: fourth  : 
Then  fay,  As\yloi:,  o4j2^  fd^^the'?rodu^ (f 
the  ^uddram  cf  half  the^  Chord' ofihe  Grcmf^- 
Tence  of  that  Segment^  multiplied  by  that  fourth^ 
io  thefolid  Content  of  the  ^'gnient  propounded. 


*  i  ,3  3  «    • 
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CHAP.    y. 

QfTRIGONQMETRr:  Or 

the  poElrtne  ef  Triangles. 


S  E  C  T.    I. 

Swie  General  Maxims  hthnging  to  Plain^  er    k  i^ 

Rigf3t4ined  TriangFes. 

TRiGOKOMETRY  is  neceflfary  in  moft 
parts  of  the  Mathemafkks^  gnd  herein  in- 
deed copfifteth  |he  moft  frequent  Ufe  of  the 
ho£arhhms^  Sines^  Tangent s^  and  Secants :  It 
Is  converfaht  in  the  meafuring  oi  Trianglesj 
J^lain  or  Spberifal\  comparing  their  Sides  a^d  . 
ATJgles  together,  according  unto  tlieir  knowij 
A/jaJogies^  or  frofarfms:  So  that  any  three 
parts  of  a  Tm/jf/^  l)eing  given,  the  three  il;7^/fj 
excepted,  the  other  parts  m^y  be  found  out  ana 
known.  Now  in  the  Doffrine  ci Right  ImedTrh 
angles^  it  will  be  need}?!/  to  know  thcfe  Maa;^ 
hns  following.       ... 

i.  That  a  Right-lined  Triangle  is  a  Fi^re 
tonfiitated  by  th^  Conjundlion,  or  Interfeaion, 
of  the  Aree  Right  or  Streight-lines  in  their  An-? 
glcs  or  Meeting^places :  So  tlwit  every  Triable 
Eath  fix  diflina  Parts,  viz.  Three  Sidesy  and 
Xf^ree  Jijigles^ 

F  4  3.  That 


/ 
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kj  J.        2.  That  all  Right^ined  Triangles  arc  eitiher 

fig*  34-  Right-angledy  that  is,  which  hath  one  R^An 
A/ig/Cj  as  ABC  Fig.  34*  Or  Oblique-angled^ 
whol^  three  A/igles  are  aU  A^tfte  ^  that  is,  left 
thaii  a  ^adranty  or  90  Dqg.  or  die  the7  have 
One  Angle  Ohtufe^  or  greater  than  %  ^^uorMt: 
So  all  Triangles  that  have  not  one  Right  Jij/^lt^ 

\jg,  ?6.  ^^^^  called  Oblique-Triangles  ^  as  Fig.  ;6.  to  wit^ 
the  Triangle  ABC. 

3.  That  the  three  Angles  of  any  fOght-Iinei 
Triangle  J  are  equal  unto  two  Right^Angles  \  or 
180  Degrees :  So  that  any  two  of  their  Jnglet 
beiii^  known,  the  third  4^le  is  aUb  tbund, 
being  the  Complement  of  the  other  two,  unto 
180  Degrees ;  out  this  is  more  readily  found  xx 
a  Reilangled  Triangle  5  for  the  ReSangle  being 
a  Sluadranty  or  90  Dqgrees,  one  of  the  acute 
Apgles  therefore  being  given,  the  other  is  rea* 
dily  known,  being  the  Complement  thereof  unto 
90  Degrees. 

tig.  35.     »4.  That  the  three  fides,  comprehending  thr 

Triangle^  Ibme  call  Ijgs^  others  Sides  ^  but  in 

ReffangledTriangles^zs  m  13^^ Triangle  ABC| 

I  call  AB  the  Bafe^  BC  the  Cathetus^  or  Terpen- 

.  dicular^  and  A^  the  Hypothenufe. 

^  $.  That  the  Sines  of  the  Angles  are  projjor- 

tional  unto  their  oppofite  Sidesy  and  then-  Sides 
to  their  oppofite  il^5f/(Pj  .•  So  that  if  the  5/Wlf  of  a 
Triangle  were^defired,  put  the  Sine  of  the  op- 
polite  Angle  in  the  firft  place.    Alio  if  an  An- 

*  gle  be  required,  put  the  l^aritbm  of  his  oppo-; 

"  Jite  fide  in  the  Jitft  place. 

6.  Thzt tht  Angles oi any plmiTriai^le ^c 
faicafiired  by  a  Scale  of  Chords  5  but  the  Side^ 
of  any  plain  Triangle  are  m^^fured  by  any 

Scale 
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Scale  of  eqaal  Parts^  at  Uches^  Ret,  tkrdtf 
Feltf^  Miles^  Le^HCs^  Sec. 

7*  That  if  an  Angle  prraounded  be  ereater 
than  90  Deg.  and  ib  not  to  be  fiMind  in  the  Ta* 
bles,  take  the  Camplemem  thereof  unto  ido 
Dee.  and  work  br  the  Sine  or  Ta^geM  thereof 
9nd  die  Work  will  be  the  lame. 

And  here,  fw  the  more  fliort  and  (peedjr 
FerformaiKe  of  dieie  Conclufions  in  Tnigtme* 
metryy  I  have  annexed  and  uied  thefe  follow* 
ing  Symbols,  which  I  would  have  yout^e  no« 
ticeof^ 


•* 


=  Bptal,  cfEquai 

9tMore. 

X  Mahiplied  fy. , 
•  Deireesy  ae  ij^ 
'  Minutes,  as  4a  • 
-cr.  A  Side. 
cr'.  Sides. 
VAsi  Angle. 
W  Angles. 
ZSum. 


X  Difference. 
S  5i;f  ^. 

T  Tangent. 

Tc  Ottai^jsnt. 

Se  Secant. 

Sec  Qhfecent. 

Co.  Ar.CM|^  Ariibmetic. 

R  At^ght'Mgle. 

2  R  Twft^ht-of^les. 

QjS^Mre^ 
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SECT. 


ir 


•r- 


••   ■» 


§«;       /      Of  Pfaim  ReMbngle  J  Tmngle^, 


J    t 


pi<op.  jr. 

^ ■  -   '  £/^ gWHy .  /^:/&ri!f  /4r  othiT  parts. 

R?'  34*  "A  ^*^*-  *^^ Triaifg/f  given  be  ABC :  Now 

Right-angh:,  3X\Athsi  Angle ztCis  57°  3j',  and 
the  fitf/Jr  AB  is  736  parts* 

Now  firft ;[  iiq4  tho'il«4?  At  A  .  to  fee  3 2« 
27',  it  being  theC^Umfft  of  the  il{j^/<?  at  C 
unto  90° :  Secqii^lj,  toim^  the  Cathetus  or  fer* 
feniicular  j  tl4&  is  tfee  Mdogy^  §tt  froponion. 

As  Sj  V^\C^  ^p^'^^^^ — ■  ■  /  u   .9,  92645 

•  • '  '    '  . 1- 

Tc?  L(jf.  Afi,  %f^  -J  ^6  parts— ri.  86687 

.  \Sfiis.'&y^A*  ?V  25'r-^ — - — r— 9.  7292a 


■f" 


.  .'  -  .12.  5:9609 

T(9  £^^.  of  the  vQtf 5gr  1  !*-■  ■■>    ■ 

?//T,  or  Perpendicular  BC  >— — — 2.  66^66 
^(>1^%  parts.  )  . 

Ch^trvt  Ada  the  L^^.  of  the  third  and  fecond  Term^ 
this  for  a  .together,  and  from  their  Sum  daiud:  the  L^. 
it*/f  li  ^^  ^^^  ^^^  Number,  fo  is'  the  Remainder  the 
Tfiivum-  L^g'  of  ^he  fourth  Term^  or  Numba:  fought,  as 
try.  ypu  fee  in  the  aforegoing  Example'. 

'  Thirdly,'  to  find  the  Hypothenufe  AQ  the 
Analogy  or  Troportion  hold^  thus. 


f        • 


"Xo  L<&  Bafe  AB  7  35  farts -^  ^ V 

So Radiut or  S.'90'\.'  >'  ^    "^  F(f.  34j 

IS  ac«  .tEe  tibree  xequved  paits-of  the  given 
Triafigfe  ABC  found,  "wi:.  theil;i?f/<p  A  to  be  52* 
2$V  tbe  Cafhetut.  BC  to  .lie  46718  V^i^  Add 
tiie  Hjj^theimfie  AC  to  bp  97ivl  pftrt^  «$ 
£b  xeguired  to  .1^  foupd.    . 

.     ,.    >ROP.    tt  • 

other partK'^aetetf,    •  .  ..    .  '•'.;.       .'•    •" . 

In  the  Triangle.  ABC  t^  Ifj/pafirnHfii  iAtC  is 

87iT^'{i»rt^  tliQdBtf/^  ii^  ^$79^  parts,  .an4tthe 

^//r  atBjsknoMm  to  beft.ki^&rr4|r/iSr,  tv-^": 

-    £u^,  to  fi^  the.v<i;t!f/^  lit  ,the  C/t^b&m  A  tb^ 

*Jinalo^y  or  Prfljpflr««7  nolds  thii^ 

,4x  £«.  i(jg»/«fer«/ AC^7»Ti />«rf  Pi.  34'" 

*To  Radius  or  $•  90°'    '  .  /i' 

S<»  Lqf.  Aj/2r'AB  736  /w;7)r, ... 
To  tbe  S.  r.  af  difbem-C  JT?  ^V  .  •  >    • 
Secondly^  '^(m'havingf(^4t',Wt-^fi^9\fi'th.e 

Gftbef/M^^ttiM  5T**35V.  *  'jfer*tw  4f8^  of - 

fhe  Bg/^.,4)  is  sa"  *j;  berog  <Ik  .Co/qf*^,  'of  \*9 

•    •   Thirdfy,  tofind the C^j&^fjKf  BjGi  tbi^itfl^ 
Ana/o-;:y  ot  Proportion.    /,-.'•:. 

ToLis.Uypothen.:At%jiT>'fkirtfi.  .•'^.      •^-    . 

II:  maj  alfo'be  found,  as.in'HtiP  SamutSfU^. 

fition.  ' ' 

"   •'    -  PRQP, 
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PROP.  m. 

U  •  RfSat^i  Tria/^lty  the  Ba/e^  mi  Ga^etut 
given  tofini,  the  ether  farts  thereof* 

In  the  Triangle  ABC  the  Safe  AB  is  ^^6 
pirts,  and  the  Cgtbtim  BC  is  467  t^  partt»  and 
d]#  Angle  3  between  diem  isa  Rifftr  Angle,  or 
90''^  and  here  you  may  make  either  iidett  tbe 
Triande,  Rfidit^:  But  I  (hall  make  BC  the  Or- 
tbctuiKadMfy  and  then  tx>  find  die  Angle  attfat 
Cetbctm  Q  this  is  die  Analcgyox  Vropffrtimu 
B^»  35-       ^  ^\  Cathet.  BC  467  r^ parity 

To  Radius  or  S.  90^. 

So  Lqg.  Safe  AB  TiSparts^ 

To  T*  r.  Cathet.  C  57^  ^%\  as  requirei. 

Secottifyj  I  find  the  od^  Angle  at  A  to  be 
3«*  25^  It  being  die  Con^kment^  to  C  J?"*  35% 
unto  90^ 

Jbirdfyj  To  find  out  the  Hypothenufe  AC» 
this  is  tbe  Analqgy  or  Vroportim. 

As  S.V.sCathct.  C  57^  ??', 

Ti9  Ltjg.  Bafe  AB  736  p4rrxi 

So  Radius  at  S.  90% 

To  L^.  Hypothenufe  AC  871  t8  j»^/A  r^}»i- 
r/i:  But  making  the  Bafe  AB  Radiusj  yoit 
may  find  die  £^/ibririg/^  AC  by  this  Analogjf 
or  rroportim. 

AsRaiiMf  or  S.  90% 

T^^I^.  Bi/ir  AB  J^Spartsi 

80  Sq^.  Bafe  A  i2^2^\ 
0g.  3 $•      Ti  Leg.  IfypotbeMfe  AE  871  ^  parts  requi- 
redi  ^uid  thus  you  have  all  die  parts  of  dip 
Triangle  propounded. 

PROP- 
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PROP.  nr. 

The  Bafi  and  Hj^themft  ^  aith  the.  An^e  be- 
twen  tbemityea^  to  find  the  aher  parts  tf  » 
ReS-amiedTrumie, 

Ito  tlie  Triangle  ABC  ^  Safe  XR  k  7^6 
parts,  and  die  Sxf>otbenu/e  AC  is  871  ii  partly, 
ai^  the  Andc  A  indaded  between  ^bm  is  32* 
s$'.  firfty  To  find  die  Angles :  And  firft  w 
mtmber,  that  the  Angle  B  is  a  ri^  Angle,  or 
9o*>.  Secmdfyy  That  the.  Angle  at  C  is  the 
Coaakwunt  todie  Angle  at  A  32*  2$' unto  90°)  I^l3;.' 
and  therefore  is  $7*  3$'*  Kow  diefe  l)eing 
known,  70a  nui;ir  find  tat  Cahettu  by  this  J^ 
Mal4gy  OS  Frtfortim. 

Jlf  S.  F.  Ctffirfc  C  J7«  35',  ^ 

T0  2i^.  fi^  AB  736  P^*i 

S0S.r.BiffAia^af, 

To  Z^.  catber.  BC  4^1!  frtt  reqmud, 
Thus  I  Ittve  fi^&3entl]r  eiplained  all  die  Ctffu 
f£flmnfUQ'anti*dTrimtks\  fivtothdcRMsa 

dM7  Buy  be  ul  z«dHce£ 


SECT. 


^  Pldf^  tr'^omi^ffj/% 


I 

f 


SB  err  iiK 

-    ■   '     '     PR  OR -ir'^^^ '''•■• "' 

,;.'Ai^llTtimildS j^vf^  to fini>^  ^m^ 


TK  ibe  Tartinde  ABC 


'tis  the  Compkmnt  to  the  Anghfli  A^^b^  and 
C  37*'  to  18o%  andTthortfote^ii'^^h^JMgk^t 

f^.  3^.       &r^i/V)  Having  thai ^(Mttdtbdjlnj^^^ 

tikirDiii^laBoMrii  (des^Wj^^  ^labd  by  the  t^^ 

to  find  the  fide  BQ  ttiif4^^lA^^^  t0 

portion. 

As  S.  r.  C  37«  oo', 

T(?  Lcg.Jide  AB  30  pjrrxj 

5^  S.  V.  A-  50°  00', 

T(?  Log.  fiie  BC  38  xil  />tf/*/J  required  to  U 
foUnL 

But  it  may  be  more  readily  found,  and  per- 
ftffijned  Jo  fuch  Cafe  as  this,  where  you  have  a 
^meoxikngent  in  the  firftplace,  by  thei!l/'//&- 
tnetkal  Complement  thereof ,  and  fo  fave  the 
SuhfiraQion. 

Now 
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iKow  the  rieadieft  way  to  fp 

find  the  Ar'tthmetkal  Comple-    ^^  ^  *»/«  '•  '^**^ 

an  ms  DoSnne  ff  Trhmglctr^      ^     r  t . 
whidi  is  thus :  Bi^in  with  the  firft  Figarfcjto- 
\irards  the  left  hand  of  kiiy  tiumbc^^ .  aod,  wtite  / 
down  Ae  Complement^  or 
<he  RemltnMr  tfaweo^  :  — -^^ — r^  ..0^t99 
unto    9  i-    And   fb    ao    — ^ — ; — o.    037602 
with  all  the  reft  of  the 
Cflfirw,  i»  ydttlte  heire  danej  ftyii^  9^- wiht^ 
tf  9,  o:  Andagaia^,  wnntso^  6^  wa|Tts3:% 
li,  wants '7  5  %  wattts^^^  <^^,v  \i^ants  o  :-  rQtdy 
when  you-<S«tte  to  the  feftt^Figure  to- thfe  riglit 
hand,  take  it .01^  of  id-,  ib  8>wants  a  of  wL 
Tfim  yott  toay  re*dily  find  the  Ci'Ai'.'vi-iny 
She^  tthncift  » (bon  as^jfliC'ASihr^  it  feTf.    . 

Bat  if  y6a  'v^rant  the?  Cmpk>jwnt  Aritlimr^ 
ti/ofwsi^Tdk£t^r^  'f&it.id^^  the  0-«r^ 
tdrich  i»  1«OTythe.  d^J>*/r^;  of  thfc  ^donb^ 

l&^/Atf  •,  fe  thflk  the  Tr/A'Ti^w  llnd  Ohtat^eM^^ 
»nJl/*i^iftakfe'eift<ftlyt2S;io()ocod.  .r'^./v;  ^ 
•  No^  if  theUilf/ii*  he  Sft  kte  firft  place,  than 
thttd  ^s  no  *«ecd  of  takteg^the  ■CotAfith.^df  ifce 
firft  Ntthiftfet;  <itily  yon  mtiflrtnt  off  the  Aft:  i^ 
to  the  left  hBid  fhtifi  4^3  afldybu  will  hare  the 

T»/>^,>,.  K6W  td  find  theSdo  AC  bjf.  tfte 
<^pofite^AncleB,  which  ^  ^^<"^'-;  (Aod^ee- 
mg  the  Aiiglte  fe  exceeds  90%  yoa  muft' woik  , 
try  the  Cof^efient  tt>  180^)  at  ha  the  fewath 
Work  in  page  61  is  taught. 


Af 


\ 
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Ct-Aritb. 

ilxS.r.C  37*oo'.— — — — — o.  22094. 

To  Log.  a>  AB  poparts  !♦  47712* 

15^.  3^.      S^  ^  Sc.  K.  B.  87*  00', 9.  99940. 

mil  I  .    ■  ■     ^ 

Thus  having  feund  all  the  parts  of  the  Tri^ 
Mgie  propounded,  viz*  The  Ang]ie  £  to  be  9  j* 
co^)  the  £de  AC  to  be  49ts5  parts,  and  tU 
jide  BC  to  be  ^ZjH  parts,  as  was  required  to 
bs  found. 

KoTE,  'Twill  be  doubtful  fbrnetime,  whe-^ 
dier  the  T  fought  be  acute  or  obtufe^  tho'  in 
the  (Operation  there  will  always  come  out  the 
Sine  c^  an  acute  Apgle,  as  in  the  immediate 
preceding  Operation,  the  I^it^^rirtblt  came  out 
was  but  87  Deg.  where  the  Angle  C  was  re^y  9; 
Deg.  Now  when  it  happens  that  the  Angle  is 
within  a  Degree  oriels  ot  90  Deg,  tiie  Eye  can* 
not  diftinmiih  whether 'tis  more  oc  lefs  than  a 
ri^t  An^e :  And  therefore,  in  fud)  Cafe,  to 
know  which  it  is.  take  this  general  Rule.  Sec 
if  the  Square  cfthe  Sidefuhtending  the  doubtful 
An^k  exceed  the  Sum  of  the  ^tber  two  Square fy 
then  Uh  obtufe:  If  they  be  equal^  Yts  ri  ht  -,  if 
the  Square  ^  the  faid  Side  be  lefs  than  the  Sum 
efthe  Squares  of  the  other  two  Sides^  the  Angle 
U  acute. 


PROP. 
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PROP.    II. 

Tmofides^  and  an  Angle  oppojite  to  one  of  them 
in  an  Oblique-angled  Triangle  given^  to  find  the 
ether  parts  therecf.  • 

In  th^  Triangle  ABC  the  fide  AB  is  30  parts, 
and  the  fide  AC  is  49x5!  parts,  and  the  oppo^ 
fite  Angle  C,  is  37^  00'. 

Er/f,  To  find  the  Angle  at  B,  this  is  the  A-  Ki-  3^* 
nalogy  or  proportion. 

As  Leg.  or.  AB  ^^oparts^ 

To  S.  V.  at  C  37«  oo'^ 

So  Leg.  ex.  AC  49x33  pdrts  ^ 

To  Sc.  r.  B  93''  oo',  a^  wiu  required  to  he 
fbund. 

'  Now  feeing  that  the  Angle  C  is  37°  oo'^  and 
the  Angle  B  is  93''  00',  wlaich  makes  130°  00',  ^ 
therefore  muft  the  Angle  A  be  50°  00^;  the 
Complement^to  180^:  So  having  found  all  tlie 
three  Angles,  you  may  find  the  other  fide  CB 
^StqI  parts,  as  afore  in  the  drft  Propofition^ 
by  his  oppofite  Angle, 

PROP.    III. 

Two  Sides  (fan  Oblique-antgled  Triangle ,  with  the 
Angle  included  between  them  given ^  to  find  the 
other  parts  thereof. 

■  m 

t 

In  the  Triangle  ABC,  the  fide  AC  is  497^^ 
parts,  the  fide  DB  is  30  parts^  and  the  Angle 
A  between  them  is  50°  00'^  and  'tis  required 
to  find  the  other  parts  of  the  Triangle  pro- 
pomided*    To  rfefolve  this  Ctni lufion,  let  fall 

Q  zFer- 
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^3,  a  Terpendicular  DB,  from  tlie  Angle  B,  on  tl«f 
fide  AC;  (by  Prop.  )•  §  1.  Q)9p.4.)  and  dual 
proceed  thus : 
F//.  37.  B/yf,  Seeing  the  Obf^ue-angled  Trlangic  ABC 
is  divided  into  two  KeHangled  Triangles^  Viz. 
ADB  and  BDC.  Now  I  will  begin  with  the 
Triangle  ADB,  in  wbid)  is  given  the  Angle  A 
50*'  00',  and  the  Angle  D-is  a  right  Angle,  or 
90%  and  the  fide  AB  30  parts,  and  the  fides 
AD  and  DB,  and  the  Angle  at  B,  are  re- 
guired. 

Firft  to  find  the  Angle  at  B,  remember  that 
it  is  the  Complement  unto  the  Angle  A  50^  00% 
unto  90''  ooC  and  therefore  muft  the  Angle  B 
be  ^o""  00':  Now  for  to  find  the  Cathetus  BD, 
(as  in  Prop.  i.  and  2.  ^  2.  Chap.  ^.)  by  the  Rule 
of  Oppofition,  the  AnaHogf  or  Proper iion  holds 
thus: 

As  Raiiuf  or  S.  90% 

To  Leg.  Uypoth  AB  30  parts^ 

So  S.  V.  at  A  50^  00', 

To  Leg.  Gab.  BD  22tSI  parts  fought. 

And  agdnfay^  ' 

As  Radius  or  S.  90% 
•  To  Lqg.  Hypoth.  AB  poparts  5 
Sc7  &  r.  at  B  ^0°  00', 
To  Log.  Baje  kOis^  parts  fought. 

Thus  in  tne  Triangle  ADB,  you  have  found 
the  Angle  B  to  be  40''  00',  the  Cathetus  BD  to 
be  22^  parts*,  and  the  Bafe  AD  to  be  197^ 
parts,  as  was  required. 

Now  for  the  omer  Triangle,  which  is  BDC, 
in  which  there  is  given  the  fide  BD,  22i|iSpartSy 

and 
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aitd  the  Aiele  it  D  is  &  Rfght-at^/e^  6t-^o%    §  3* 
knd  the  £des  DC  and  CB,  and  the  Angles  B 
mi  Cy  are  reguired^ 

Firft  to  find  the  fide  DC  fiibftiaa  AD  I9t^  %  3> 
parts,  odt  of  AC49T^paris^  there  remains 
the  Safe  DC»  jor^  parts :  Thus  have  you  the 
two  udes  of  the  Triangle,  to  wit,  the  Baf€  DQ 
^OtH  parts,  and  the  Othetm  BD  2?.T^parts^ 
and  the  Angle  D  between  them  is  a  Wght-angle 
or  90''.  Kow  you  may  Jind  the  Angle  at  B  by 
theXifflK^^r  (as  in  Prop.  ^.  §  2.  Chap.  5.)  thus 

As  Log.Cath.VD  22tU  P^ts, 

T(7  R^iKT  or  S.  90"" ; 

5^?  L^.  fi^  CD  ^oriS  parts, 

T^T.r.B- 53^00'.  \ 

Secandfy^  For  tlie  Angle  CrMmember  'tis  thd 
Complemnt  cli  the  Angk  B,  is""  to  ^qP%  aivl 
therefore  is  the  Angle  C  ?7**  do ,  reqmred. 

Thirdly,  To  find  thei^^^^.BQ  thiols tha 

Andogy  or  Vfoportian. 

iix&r.By^^^opV 

To  Ug.  Bafe  DC  ^OrJJpartsj 

So  Ri^/Kf  or  &  90% 

To  Lj?.  ttp/ft.  BC  38tJ%  parts:  Thus  have 
Jrou  foiind  all  the  required  parts  of  the  Trian- 
gle ABC  propounded,  tiiz.  the  Angle  C  to  bo 
^7^  00',  the  Angle  B  to  be.     ^ 
9r  00',  *  and  tte  Side  BC     /Z?1f  «''/9»j' *^*  «*^  2;* 
|8r^  parts,  as  required  to  be    i^%  prmr  tnffitiw. 


il'  J  Anothif^ 
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^  3,  Another  fxuy  to  perform  thefctmel 

Sick.  AB  3ot^       Take  the  Sum  of  the 

Side.  AC  497^5    tyro  fides,  and  the  diiffe-^ 

rence  of  the  two  fides ; 

Sum.  79T^i   and  work  as  folio weth* 

-—        No\(r  to  find  the  two 

p^  ^-    Difierence.  19T5I   Angles  B  and  C,  this  is 

^*  ^'*  — —  the  Manner,  and  by  this 

Analc^  or  'Broporticn^ 
fhey  ate  found  out  and  known. 
As  Leg.  Z.  CT\  AB  and  CA,  79rrmp^^S9 
To  Leg.  X.  cr'.  AB  and  CA,  1  9t^  parts  j 
I  So  T.  ^  i  Wunknjmn^  6%""  00', 

T^T.iX.ofKr,  28°  00'. 
TA/x  Difference  (f  Angles  28^*  co',  add  unto  6 ^ 
Svi^THJi.  00'  ^lalf  the  4M|ptf^^f  the  unknown  Angles) 
and  it  (hall  produce  9?''  00',  which  is  the  great- 
er Angle,  and  lubftradled  from  it,  leaves  3  7*' 
00',  which  js  the  lefler  Angle  Q  fo  have  you 
the  required  Angles. 

PROP.    IV. 

The  three  files  of  an  Oblique-angled  Triangle  gi^ 

ven^  to  find  the  Angles. 

In  the  Triangle  ABC,  the  fide  AC  is  491^ 
parts,  the  fide  AB  is  20  parts,  and  the  fide  BC, 
is  ^Sris  parts  ^  and  the  three  Angles  of  the  Tri- 
angle are  enquired.     ' 

The  Refolution  of  this 

F^.  37.   Side.  AB  20t|?   Conclufion  is  thus:  take 

Side.  BC  3bT^   the  5/^^«?  and  D;jff f .  of 

—    the  two  fides  A  B  and 
Sum.  68t55   BC  •,  ^nd  then  work  as 

— —    fbllou'l^ ;  To  find  a  5^^- 
DifE  o8t^  ^ment  of  the  hafe  AC, 

to  wit,  CE  5  lay.     As 
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As  Log.  Bafe  kC  ^9j^parts^  §  3, 

To  Z.  cr .  aB  and  BC  681^  parts ; 

So  X.  cr'.  AB  and  BC  8t*Sp^/x, 

To  Log.  (f  a  Segment  of  the  Bafe  AC,  to  toit, 
CE  I  It^  parts. 

^  ,  This  Segment  of  the  Aj/^  CE  i  irci  parts,  be- 
ing fubftradted  from  the  whole  Baje  AC  49T5I 
parts,  the  remain  :er  isEA  587^^  parts,  in  the 
middle  of  which  as  ^tD,  thePeipend'cularDB  Fig*  ij* 
will  fall  from  the  ^ngleB^  and  fo  divide  it  in- 
lo  two  ReSam^Ied  Trian^^les^  to  wit,  ADB  and 
CDBj  whofe  Bafe  DA  is  191^!  parts,  which 
taken  from  AC  49  -^  parts,  leaves  the  Bafe  of 
the  greater  Triangle  CD  5^x1  •  parts. 

How  having  the  two  Bafes  01  thefe  two  Tri- 
angles^ and  their  Uypothenufes -^  to  wit,  CD 
30tIv  parts,  DA  19  il  parts,  CB  38T'4part«^ 
and  BA  30  parts,  you  may  fin4  all  their  An- 
gles by  the  Rule  of  oppofite  fides,  to  dieir  An- 
gles as  afore. 

I.  fo  the  Triangle  CDB- 

To  find  the  Angles,  this  is  the  Analogy  or 
'Proportion. 

AsLo'.BC  ?8T-iJ  parts. 

To  Radius  or  S.  90% 

So  Lo  :  DC  3  Or  J I  parts,  ^ 

To  S.  V.  B.  5  3*"  00' :  tvho/e  Complement  is  the 
Angle  at  C  57^  00'  unto  90:  or  a  Quadrant. 

«  !!•  fo  /&^  Triande  ADB. 

To  find  the  Angles,  this  is  the  Ajfalo;;y  or  Yig.  37. 
Froportion. 

.     ^  G  3  ilx 
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§  3«       As  LcglKKio  parts, 

T^  RadiMsox  &  90^: 

5(?  JLjf .  AD  i9Ti-I  parts, 

Ji  &  r.  B  40^  oo'. 

The  Complement  whereof,  unto  90^  00',  is  the 
^Ugle  at  A  ^cP  00'. 

Mow  in  die  firft  Triangle  CDB,  there  is 
'feuod  the  Angle  C  to  be  37''  00',  and  die  Angle 
B  to  be  5;^  00'.  ^ 

In  the  fecoiid  Triangle  ADB,  diere  is  fixmd 
fhe  An^  A,  to  |)e  $0''  oo',  and  the  Angle  S 
to  be  40?  oo^ 

Now  the  two  Angles  at  B,  to  wit,  ^9^  00^^ 
and  40""  00'  males  9;''  00',  which  is  the  Angle 
of  the  Oblique-Mglei  Triable  ABC  at  B :  Tlius ' 
ihd  three  Ajigjies  of  die  &id  given  Trioiigle  ABC 
are  found  as  was  required,  viz.  die  Angle  A  «> 
be  ^o''  do^  the  Angle  B  to  be  93''  oo',  and  dbe 
Ai^e  C  to  be  ^y""  00',  as  tcfoAst. 

Thn^  I  have  fufficiently,  tully  and  plainly 
explained  all  the  Cafes  of  flain^  Rigbt-UnedTn- 
mg/esy  both  Right  and  OMfue-angki:  I  Ihall 
now  fall  in  hand  with  Sphencd  Triatigffs^  both 
l^ht  ztA  ObUqHe-angledL 
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S  E  C  T.    IV. 

_  « 

X)f  spherical  Redatigled  Triangles.  fj  4. 

Jini  here  fr/i  it  toitt  be  neceffary  alfo  to  unier^ 
ftand  tbofefew  general  Maxims  or  Rules,  that 
are  qffpedal  li/hment^  in  the  Doilrine  cfSpbe* 
rical  Triar^les* 

I.  T^Hat  a  Spherical  Triangle  is  comprehend- 
X    ed  and  formed  hj  the  Conjunttion  and 
Interfe(5tion  of  three  Arches  of  a  Orcle^  A& 
Icribed  on  the  Surface  of  rfie  Sphere  or  Globe, 

2.  That  thofe  Spherical  Triangles  confift 
of  fix  diftinft  parts,  vit.  three  Sides  and  three 
Angles,  any  of  which  being  known^  the  other 
IS  alio  found  out  and  known. 

?.  That  the  three  Sides  of  a  Spherical  Trian- 
gle^ are  Parts  or  Arches  of  three  great  Circles 
of  a  Sphere^  mutually  interfefling  each  other ; 
And  as  pkin  or  Right-lined  Triangles  are 
meaiured  by  a  Meafiire,  or  S^j/^of  ecjual  parts : 
So  thcfe  are  meafiiried  by  a  Scale  or  Arch  of 
egnal  Degrees.  » 

4,  That  a  Great  Circle  is  fuch  a  Circle  that 
dom  biiled  die  Sfher'e^  dividing  it  into  two 
equal  parts-,  as  me  EquinoSial^  the  EcUptick^ 
tne  Meridians^  the  Horizon^  &c. 

5.  That  in  a  Right-angled  Spherical  Triangle^ 
the  Side fubtendin^the  Right-angle  we  call  the 
Hypothenuje^  the  otiier  two  containing  &e  Right- 
a]%le  we  may  limply  call  the  Siaes^  and  for 
Diftinfdon  either  df  them  may  be  called  the 
B^fe  at  ferpendicular. 

.G  ^  (5-That 
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§  4,    .     6.  That  the  Summ  of  the  Sides  of  a  Spherical 
Triangle  are  left  than  two  Semicircles  or  360^ 

7.  That  it  two  Sides  of  a  Spherical  Triangle 
be  equal  to  a  Semcircle  ^  then  the  two  Angles 
at  the  Ba/e  ftiall  be  equal  to  two  Right-angles  ^ 
but  if  th^y  be  lefs,  then  the  two  Angles  fhall  be 
lefs  i  but  if  greater,  then  Ihall  the  two  Angles 
be  greater  than  a  Semicircle. 

8.  That  the  Summ  of  the  Angles  of  a  Spheri- 
cal  Triangle  is  greater  than  two  Right-angles,  and 
lefs  than  fix. 

.  9.  That  every  Spherical  Triangle  is  either  a 
Right,  or  Obliijue-angled  Triangle. 

10.  That  the  Sines  of  the  Angles  are  in  Pro- 
portion unto  tlie  Sines  oi  their  oppofitc  Sides-, 
and  the  Sines  of  their  oppofite  Sides  are  in 
Proportion  unto  the  Sines  of  their  oppofite 
Angles.     ' 

1 1 .  That  in  a  EJght-angled  Spherical  Triangle^ 
either  of  the  Oblique-angles  is  greater  than  th^ 
Corvplement  of  tiie  other^  but  lefs  than  the  iDiffe- 
re  nee  of  the  fame  Complement  unto  a  Semicircle. 

1 2.  That  a  ferpendicular  is  part  of  the  A^rh 
of  a  Great  Circle^  which  l)eing  let  fall  from  any 
Angle  of  a  Spherical  Triangle,  cutteththeoppor 
lite  Side  of  t^'^^Triangle  at  Right-a^lesj  and  lb 
divideth  the  Triangle  into  two  Right-angled  Tri- 
angles^ 4nd  thefe  two  parts  (either  of  the  Sides 
or  Angles)  lb  divided  muft  be  fbmetimes  added 
together,  abd  fometimes  fubftra&d  from  each 
other,  isiccording  as  the  Perpendicular  falls  witb^ 
in  or  without  the  Triangle, 
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§4. 

P  R  O  P.    I.    Cafe  I. 

A  Side  and  an  Ai^le  adjacent  thereunto  being 
given,  to  find  the  other  Side, 

In  the  Triangle  ABC,  there  is  given  the  Side 
AB  27^  J4'5  and  the  Angle  A  23°  30',  and  the 
Side  BC  is  required  •,  to  find  wMch  this  is.  the 
Analogy  otfr (portion. 

As  the  Radi^  or  S.  90°  00',— —  lo.  00000 

X:?S.  ofcr.  AB  27,  54 — '•^-"9-  67018 

So  psT.V.A  23,  30 9.  63830  F!g.  38J 

To  Cr.  BC  1 1,  30 ^9*  3084B 

Note,  If  in  the  right  angled  Spheric  Triangle 
Figure  38  you  allow  the  Safe  AJB  to  be  part  of 
the  Equinoflial,  AC  part  of  the  Ecliptic^,  and 
CB  part  of  a  Meridian  paiEng  throimh  the  Sun's 
place,  then  doth  the  preceding  Cafe  find  (CB) 
which  is  the  Sun's  prefent  Declination^  hy  ha- 
ving his  greatefl:  Declination  and  right  Aicea- 
liongiven«     * 

PROP.    U.    Cafe  2. 

A  Side  and  an  Angle  adjacent  thereunto  being 

ffven^  to  find  the  other  Oblique-angle.  - 

Jn  the  Triangle  ABC,  there  is  given  the  Side 
'AB  27^  54',  and  the  Angle  A  23''  30',  and  the  ^^    g 
Angle  at  C  is  required  5;  to  find  which,  lay  fay.  ^'  ^ 
this  Analogy  ox  Proportion, 

'As 


90  spherical  Trigonometry^ 

^  ^        As  the  Radius  or  S.  90^  oo'. 
To  Sc.  of  CI.  AB  27;  54* 
&7^&r.atA  23,  30, 
T?  Sc.  F.  at  C  69,  22  required. 
^  This  Pro^fition  finds  the  V  of  the  Sun^s  Pofi? 

*  tioii,  that  is  the  y  the  Meridian  makes.wilh 
tb€  Ediptick,  from  the  feremcaitioned  DtfTir. 

P  R  O  ?•    IIL    Cafe  %. 

'A  Side  Mi  an  Angle  adjacent  ^thereunto  hei^g^ 
ghen^  to  fold  the  Hypotbenu/e. 

fig.  58.  In  the  Triangle  ABC,  there  it  ^ven  the  Side 
AB  27^  54',  and  the  Angle  at  A  23^  30',  and 
the  mmnenufe  AC  is  required,  which  may  be 
jfound  oy  this  Analogy  or  Yrobortion. 

As  the  Radi^  or  S.  90^  00^, 

To  Sc.  of  r.  at  A  23,  30  J 

•  So  *  Tc.  or.  AB  27,  $^ 

To  Tc.  Vkpothenufe  AC  30,  ao  required. 
KoTE,  This  Cafe  finds  the  Sun's  place  in  the 
^clipnck  from  the  fame  Data. 

PROP.    IV.    Cafe  4. 

4  Side  and  an  Angle,  oppi^te  thereunto  being 
given^  tojini  the  other  OhTtque-angle. 

ttg.  38.  In^  dieTriangla  ABC,  there  is  given  the  Side 
BC  ii**  30',  and  the  Angle  A. 23®  30.',  and  th^ 
Angle  C  is  required  \  to  find  Mvhich»  fay  by  this 
Analogy  or  Froportion^ 

Af  Sc.  cr.  BC  n^  ^o*. 

To  Radius  or  S.  90^  00  5 

$0  is  Sc.  V.  at  A  23,  30, 

To  S.  V.  at  C  69, 22,  as  required.  Hiis 
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This  Cafe  finds  the  Angle  of  the  Sun's  Pofi-    §  4^ 
tioB^  by  having  the  g^eatd):  and  prefent  Dedi- 
nation  g^ven. 

PROP.    V.    afe  J. 

'4  Siie  Mi  tbc  mofite  Jingle  given^  tojini  the  • 

Uypotheniifen 

In  the  Triangle  ABQ  there  11  given  die  Side  Fig.  }&« 
BC  ii**  30',  and  the  Angle  at  A  2}*  30',  and 
the  IfyDothenufe  AC  is  required,  whichma}'  be 
^xind  bj  this  Analogy  or  ProporttM. 
AiS.K9tA  23^  30', 
To  Radius  or  &  90,  00  }  . 

So  is  Ser.W:  11. 30^  ^^ 

To  &  Uypahenufe  AC  30, 00,  as  reqqiredL 
This  C^le  from  the  fime  thuigp  given,  as  in 
the  laft  finds  the  Sun's  place. 

PROP.    VI.    Cafe  6. 

AJUe  and  tbc  oppojrte  Angle  grocn^  to  find  the 

other  Jtde. 

In  the  Triangle  ABC^  tfaeMisgivtntheSiile, 
BC  ii^"  30',  and  the  Angle  M  A  23^  30',  and  • 
the  fide  AB  is  regoired  i  to  find  whk^  this  is 
the  Analqgy  or  Propot^tioit.  • 

As  RaSust  or  S.  90^  oo\  Esf.  )8J 

T»  Tc.  of  K  at  A  2?,  iO% 

&;^T.cn2Cff,  96, 

T^  &  of  cr.  AB  279  ;;42  as  was  required. 

This  Cafe  ficom  the  laft  Data  finds  the  Sun's 
^I^Aicenfioa. 

PROP. 
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PROP,    VIJ.    Cafe  7. 

The  Hypothenufe^  and  an  Oblique-angle  ghoen^  to 
find  the  Side  adjacent  thereunto. 

In  the  Triangle  ABC,  there  is  given  the  Ify- 
pothenufe  AC  ?o^  00',  and  Ae  Angle  A'  25* 
30',  and  the  Side  AB  is  required,  which  is  found 
by  this  Analogy  or  proportion, 
fig.  38«       As  the  Radius  or  S.  go°  00', 
,    T^  Sc.  K.  at  A  23,  305 

SvisT.  Hypoth.  AC  30,  00, 

T:?  T-  cr.  AB  27,  54,  as  was  required. 

This  Cafe  fiippofes  the  Sun's  i^lace  and  great- 
eft  Declination  given,  to  find  his  right  ^cen- 
fioi^ 

.      PR  O  P.    VIII.     Cafe  8. 

The  Uypotbenufe^  and  an  Oblique-angle  given j  ta 

find  the  oppofite  Side. 
• 
In  the  Triangle  ABC,  there  is  given  the  Ify- 
pothenufe  AC  30''  00',  and  the  Angle  at  A  23^ 
^    30s  and  the  Side  BO  is  required,  which  is  tbund 
by  tills  Analogy  or  Proportions 
F^.  38.       As  the  Radius  pr  S-  90''  00', 
To  S.  Hypoth*  AC  30,  00  \ 
.    SoisS.V  at  A  23^  30,  ' 
-     *       To  the  S.  cr.  BC  I  i,  30,  whidi  was  required. 
Having  the  fame  things  glvep  as  in  the  laft,  * 
to  find  ^e  §un's  prefeat  De^liBatioOf 


•    r  I 
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PROP.    IX.    Cafe  9.  *^ 

Tbc  Hypotbenufff  and  an  Obltque-angle  given^  to 
find  the  other  Obiique-ang.'e. 

In  the  Triangle  ABC,  there  is  given  the  fljj^• 
fothenufe  AC 30*'  00',  and  the  Angle  K2v  ^o\ 
flow  tJie  Angle  at  C  is  reqmred,  wlxich  niay  be 
found  by  tluis  Analogy  or  Proportion. 

As  the  Radius  or  S.  90*^  00', 

To  Sc.  hypotb.  AC  30,  00  j 

So  is  T.-oiV.  at  A  23,  30,  ^      ^    py^^  ^g^ 

Tt?  Tc.  of  y.  at  C  69,  22,  as  was  required. 

From  the  lafit  Data  is  tbund  the  Angle  of  the 
Sun's  Pofition. 

PROP.    X.    Cafe  10. 
The  Sides  given  J  to  find  the  Uypothenufei 

In  the  Triangle  ^BC,  there  is  given  the  Side 
AB  Tf  54',  and  the  Side  bC  ii"*  ?o',  and  the 
Hypothenufe  ^C  is  required^  to  find  whidb^iaj' 
by  this  Analogy  or  Proportion. 

As  the  Radit^  or  S.  qo""  oo^  ix^  ^q 

T^^Sc.cr.tCii,305  ^^'^^' 

SoisSca.  4B  27,  5-4, 
'  To  Sc.  Hypothenufe  AC  ?o,  00,  required. 
^  Having  the  Sun's  prefent  Declination  and 
right  A  iceniion  given,  by  this  Cafe  jou  find 
die  Sun's  Place  ^  and  by  the  following  Cafe^ 
having  the  lame  Data^  is  found  the  Sun's  great* 
eft  I>eclination« 
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PROP.    XL   Cafe  11. 
The  Sides  gtoen,  tofiai  an  Ji^le* 

lathe  Triangle  ABC,  there  is  ^ven  the  SUM 
AB  27»  jV,  and  the  Side  BC  ii"  30',  and  die 
Angle  at  A  is  leqaiied,  which  maybe  found  by 
tills  A)taloQ  or  "Proportion, 

As  the  ^aiitts  or  S.  90!*  oo'« 

To  S.  or.  AB  27,  54  5 

5<7  M  Tc.  cr.  BC  1 1,  30, 

To  Tc  of  r.  at  A  23,  30,  as  reqoixeli 

PROP-    Xn.    Cafe  i^- 

The  Ifypothenufe^  and  a  Side  given j  to  find  tU 

ether  Side. 

la  the  Triaiigle  ABC,  there  ia  &iv«n  the  tfy* 
fathenufehC  30'  00',  and  the  Side  AB  27»  54'* 
and  th»  Side  BC  is  leqnired,  which  may  be 
found  $y  this  Andogf  or  fr<forPfin, 

ilfSc.cr.AB  2T  54', 

T<»  Rtfir«r  or  S.  90, 00; 

So  is  Sc.  Ihpothenufe  AC  30"  00 , 

To  Sc.  cr.  BC  1  r  30',  as  requaed. 

Having  the  Sun's  Place^  and  right  Aka&sA 
|^ven>  hv  this  Caie  yoa  find  the  Sun's  pre&tf 

Declination. 
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PRO?.    XIII.    Cafe  i?. 

The  H/pctbeitttfey  Md  a  Side  gheay  to  fiad  the 

conmnei  Angle.  . 

In  the  Triangle  ABC,  there  is  given  the  Ify^  fii.  7%l 
fothenufe  AC  30^  00',  and  the  Side  AB  27*^  54'^     ' 
and  the  Angle  at  A  is  required,  whidi  mxj  be  I 

found  by  tms  Analogy  or  rropcrtm.  \ 

As^the  Radiuf  or  S.  90"^  00'^ 

T£it.cr.AB87^  J4'-, 

So  is  Tc  Uypath.  AC  30^  00', 

To  Sc.  of  r.  at  A  25**  30',  a9  required. 

B7  this  Cafe,  from  the  laft  mentioned  Data^ 
Wdj  the  Sun's  greatfeft  Declination  be  found.    ' 

PROP.    XIV.    Cafe  14. 

The  HypothenufCy  and  a  Side  given ^  to  find  the 

olj^qpte  Ar^le. 

In  the  Triangle  ABC,  there  is  ^ven  Ae  Hy*  Yig.  %^ 
pothenufe  AC  30^  00',  and  the  Side  AB  zT  54'> 
now  the  Ab^  C  is  required,  which  may  be. 
found  by  this  Anelcgy  or  'Proportion^ 

As  tie  S.  Uypoib.  AC  30**  00', 

To Radiieor  S.  90''  oo'j 

5^  H  S.  of  or.  AB  27^  54'^  ,  ^ 

T(^  S.  of  K  at  C  6%  22,  as  required. 

This  Cafe  finds  the  Angle  of  the  Sun's  Pofl« 
tioP)  from  the  forgoing  Vera, 


^     « 
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^^  PRO  P.    XV.    Cafe  I^     ' 

The  Oblique-angles givcn^  to  find  either  Sidc^ 

In  the  Triangle  ABC,  there  is  given  the  An- 
gle A  a?""  30',  and  the  Angle  at  C  S^""  n\  and 
the  Side  BC  is  required,  which  may  be  found 
by  this  Analogy  or  Proportion, 
fig.  38.   '  As  the  S.  ot  V.  at  C  69^  22', 

To  the  Radius  or  &  90^  00'  5 

So  isthe Sc.  of  K  at  A  23^  30'* 

T^  the  Sc.  of  cr.  6C  11^. 30^  as  required. 

Having  the  Sun  s  gre^teft  Declination,  and 
Angle  of  his  Pofition  giveii,  by  this  Cafe  you 
may  find  the  prefent  Declination* 

PROP.    XVI.    Cafe  16. 

Tie  Oblique-angles  given^  to  find  the  Uypothenufel 

In  the  Triangle  ABC,  there  is  given  the  An- 
gle A  23*^  30',  Ae  Angle  C  69°  22',  and  the 
Uypothenufe  AC  is  required,  which  may  be 
fou^d  by  this  Anali^  or  Proportion^ 
K^.  38.       As  the  Radius  or  S.^o^  oo\ 
T^Tc.  ofr.atC69%  22'^ 
SoisTc.  ofT-at  A  23,30, 
To  Sc.  Hypoth.  AC  30,  00,  as  required.^ 
This  Cafe,  by  the  fame  things  given  as  in  the 
laft,  folds  the  Sun's  Place. 

The/e  Uses  at  the  end  cfeach  Propofition, 
mU  niake  the  Calculations  more  pleafant  5  and 
when  you  came  to  apply  them  to  Aftronomy^  yo» 
mU  be  pmch  more  ready  at  them. 

SECX 
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S  E  C  T.    V. 

0/ Ohliquean^d Spherical  triangles.      ^ 

i 

P  R  O  P.    I.    Cafe  I. 

Two  Sii^Sy  and  an  Aj^e  oppofite  to  one  *(f  them 
given^  to  find  the  other  oppojite  Angle. 

IN  the  Triangle  ADE,  there  is  given  the  Side  f&  29^ 
AE  70*  00',  the  Side  ED  38°  30',  and  the 
Angle  A  30^  28' :  Now  the  Angle  at  D  is  re- 
quind)  to  find  which,  this  is  the  Analogy  or 
^roptn'tion^ 
ilf  S.  or.  DE  38^  30',      .^ ^    .    ,v 

T/1  S.  y  at  A  2n  98 .  ffO*Notc,  that  m  fhefe  Opergtmt, 

J(?2V  K.at  A  30  2^,  forthemreF^Uhf  of  the  Zarner,  i 

&0  isb.cr.AE  70  00,  ^^  Seconds  which  dotb  beloni  wn$ 

To  S.  V.Zt'Dl 30  03j  tbe  Angles,  &c. 

secpdted. 

PROP.    n.    Cafe  2. 

Tvoo  Angles  and  a  Side  oppojite  to  one  cfthem  gi" 
ven^  tifind  tbe  Side  oppojite  to  tbe  other. 

In  the  Triangle  ADE^  there  is  given  the  An-  F^.  39^ 
gle  atD  130^03',  the  Angle  £31**  34',  and 
the  Side  AE  70**  00' :  Now  tiie  Side  AD  is  re* 
cniired,  which  may  be  found  by  this  Analogy  or 
rroportim. 

idjS.KatDi3®^o3', 

T^S.  ct^AEto,  coj 

S^.rirS.r.at£3i9  34, 

To  S.  tt.  AD  40, 00^  reqoiredi 

H  PROP* 


/ 
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PROP.    in.    Cafe  3. 

,     Tv^o  Sides  and  an  Angle  included  betwen  theM 
being  knovm^  to  find  the  other  Angles^ 

Re.  39.  ^"  ^^®  Triangle  ADiE,  there  is  given  the  Side 
AE  70°  00',  the  Side  AD  40°  00',  and  the  An- 
gle A  30^  28' :  Now  tlie  Angles  D  and  E  are 
required^  which  is  thus  found  -,  take  the  Sum  and 
Difference  of  the  two  Sides^  and  work  as  follonr- 
elh,  faying. 

Side*  AE  70°  co^ 

Side.  AD  40  00 

Sum.       no  oo^  4  Z.  ^f  CO''. 

Diff,  50  00  >  IX.  15  CO* 

^le,  A  30  28 J  IF.  15  14* 

As  S.  T  Z.  cr'.  AE  and  AD,  55°  oo'» 
it^  ,  . .   To  S.  4  X.  cr*.  AE  and  AD,  15  oo-, 
i^j!"'     5<7«Tc!-r.atA,  15  14,     „ 

firve^that     ToT.iZ.  VV- Dand E.      49  14  3o  « 

if  the  Sum  -  *  ^    ^     ••    -f  ^ 

^r  r*c  nv)  coffTifiiei  Sides  exceed  a  Semicirdc,  then  fiihftr^  ^^cb  Sidefe^ 
verdtt/frm  i8o%  and  proceed  wbktbefBQompkments^  as  mtb  fbe  fides 
given,  the  (tperaim  jfredu/petb  the  Complements  of  the  Ang\ti  f^bt^  joH 
a  Semicircle  os  180  Degrees. 

AG  Aim 

As  SciZ.  Of'.  AE  afld  AD,  55°  oo\ 
To  Sc  4  X.  cr*.  AE  and  AD,  15°  oo'j 
So  «  Tc.  :- r.  atr  A,    .-    .    'X5''U',  „ 

.   To  T  4- Z.  FT.  D  and  E,       8o48'3o^     . 

Ths 
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Hiis  Difierence  df  the  Angles  iinkiiown  I)  and     ^  J* 
t  4Q^  14'  30"^  b^in^  iddpd  ^nt;o  the  half  Sum 
of  tne  Angles  86^48  5o'',(utikriow^1produceth 
the  greater  Angle  P  l^o^  9^'.  ^d-  fubfbra^ed 
from  it,  Aejjyes  the  leuer  Anp^e  ^^  to  wit,  jjl* 

.   '  .  r  1^^  0:E  •  .HTJl- Cafe -4l      i-* 
Tvo  Anglfi^  a^d'fheir  Jp^^^rjasmr  Side  bejag 

'      .     '  ' ' 

"'  til  iSxTncuigk  ADE,  thet^  is  given  the' An-  fig.  ^9, 

gle  at  A  jo"  -i  8*, '  and'.the  >ngle.  at  D 1 3  &»  ;<5  3 ';     . 

tond  their  '^Imrjdcent-fid^  AD'  40°  00',  ariff  the 

Sides  D£  and  £A  are  required  V  Which  is  tho^ 

fiiondi  ,,    ^  ;, 

TakelheS»«  -aiid  Difference   -:,  VO"  And  bat  oi>r«,  tbtk 

as  toli0^eU»^<HgWdg,  ••  r^    '{^(f^fubHuatlxmfnmait^ 

takircle,  W  ;)ra««<f  wlrib  /6f  HifiiMt.,  the  Operttm  will  froJ»ee  eiuh  Siit't 

,.  iP^t0* '  ^  •:,  149, 30  i  i4/.*»'8o*'  1.5'  jo^i  ■ 

'  C/Jr .  ;■  ■/gg.j?:}>. i^^k.^fi  ,4?. .30. 

5/dSr*    AD  40  ooj  t  cr.^  gc^  Qp 


T0  S.  4  X  of  FK.  A  an4  D,  49  47-  30 1 
^0  is  ^^«;.  ^J>,'  -       .-  ^o  00  00,    . 
To  T«  i'Xcr'.DE  andCA^  45  4J.  00. 
i  Ha  ilG2l/3V 


*  « ■•   «# 


I 
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,    AG  AIN  Say^ 

ilf  Sc  i  Z.  of  rr.  A  and  D,  SoMj'^o'; 

To  Sc.  i  X.  ciW.  A  and  D,  49  47  30  j 

So  »  T.  *  cr.  AD,  20  00  oa, 

T0  T.  i  cr'.  Z.  D£  and  AE.  ,5:4  15  00. 

Add  the  half  Difference  of  the  Sides  DE  and 
AE  1%"  4^',  unto  half  the  Sum  of  the  Sdes 
DEand  AE540  i^'.  It  produceth  the  greater 
Side,  the  Side  AE  70°  00',  but  if  deduced  froaa 
it,  kaves  the  leiler  Side  £D>  which  is  38°  30', 
a&  was  requked. 

PRO  P.    V:    Cafe  y. 

Ttao  Sides  anl  an  Angle  oppqfite  to  one  cfthcm 
givenj  to  find  the  third  Side. 

fig.  i^l      In  the  Triangle  ABEj  ihsxe  is  given  the  iSde 
'  AE  70^  00',  the  Side  DE  38^  30,  and  Ac  An- 
gle A  30^  28',  the  Side  AD  is  required. 

Firft  by  Cafe  i.  Prop.  1. 1  find  the  AngleatD 
to  be  1 30**  03',  and  then  proceed  thiCB : 

Firft  take  the  Sum  Rm  Difference  of  tJie  two 
4^/fJ5  then  alfofinjl  the  D^erence  of  the  two 
Sides^  given,  and  then  work  as  ^oweth. 
Angle  D  i3o''o3'. 


A^/e  A,  30  28. 

Sum,        160  31/ 

4  Z.  8o«  15-  30^. 

Diffir.       s9  35?  \ 

,  T  X.  49  47  ■?<?* 

M 
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Side.       AE  70  09.  §5. 

Side.       ED  38  30. 


DiJ.  31  39 


>  T  X.  ij'  4S'. 


Nov  lay, 

i!j  S.  *-X.  FT.  D  and  A;       49»  47'  30", 

To  S.  i  Z,  rr.  D  and  A,        80  15  30  J 

So«rT.  iXcr'.AEandED,  1$  4$  00, 

:  T<>  T.  fct,  AD..20"  00'  00" J  whidi dottUed 

^Teth  the  Side  AD,  40  00  OO)  as  was  reqEuied. 

PROP.    VL    Ca&6. 

Tm>  Allies  and  a  Side  efpo/ttg  to  one  of  them' 
iiven,  to  fiad  the  third  Jingle, 

.    In  tbe  Triangle  ADE,  there  is  given  the  An«  fig.  39^, 
^e  A  30°  38',  the  Ai^  D  130°  03',  and  ha 
oppofite  Side  A£7oo.oo',  and  'tis  required  to 
mid  die  Angle  at  £. 

Firft  bjr  frop.  2,Ofe2.  I  find  the  Side  DE, 
oppofed  to  the  Angle  A,  to  be  3B0  30',  thai 
proce^tfaos: 

Fiiic  find  the  Sttm  and  J^erence  of  the  SiJ^s. 
Then  find  the  "Difference  oitlhe  lu^les. 

Side.  DE  380  30', 
Side.  AE70  00. 

&»•       108  3®./  iZ,54^  15'.' 

Viffcr.      31  ?oC  iX  15  47. 


r 


H  i  Angle 


■ 
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^5.'        A^^k       D    i?o  o|  -* 

JblgU       A      30  28. 

JTow  lay, 
^x  S.  i  X.  cr'.  CE  and  AE  i^^  4^^ 
!>  S.  i  Z.  cr\  EA  and DE  54  i$-, 
S^HT,t.Xtnr.DaudA49  47  ?o^ 
•  7bT<V'-l  )r-^t  E  I5^47'  00'',  whirhdouUc4 
^VYtii  (he  Angle  at  £  31,  34,  9s  required, 

P  II  OP-   Vir.    Cafe  f , 

tjTw  Si^s  and  an  Af^le  o^ojite  to  Me  of  them 
given^  fbfoid  the  included  Angle. 

fig,  j^.      In  the  Triat«le  ADE,  there  is  given  the  Sidf 
:  AE  70*  00',  the  Side  ED  38°  3c/,  and  the  Afti 
^gle  oppofite  thereunto  ^t  A  30^^  28',  and  tbe 
Angle  E  is  required. 

Firft  by  Pr(f.  U  Cafe  1.  I  find^'fhe  Angle  D, 
'oppofite  to  AE)  to  be  130^  03'^  then  proceed 
thusi 

Firft  find  the  Difference  of  thi?  4ng/e\  then 
find  the  $um  j^id  Difference  of  the  SnteSf 

JingleD  130^03'.  *       !    ' 

p^le  A  30  28< 

differ.  '  99  55f^J^  iX.  A9UY  io"^ 
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Side.        AE  yo"  00'  &  y. 

Si(k.        ED  38   jc. 

5iw».  i8o  30/  iZ.  5f4»  15V 

D/^<rr.  31  30  \  JX.  15  4 J, 

Now  lay, 

ilx  S.  i  X.  cr'.  AE  and  ED    15^  45;'. 
To  S.  i  Z.  cr'.  AE  and  ED     54   15 . 

SoisT.i  X»  of  VV.  D and  A  49  47    50",      F?f.  39. 
T?  Tc.  i  r.  at  E  ir  47'-  Which  doubled  is 
the  Angle  at  E  31*  34',  as  was  required. 

PROP.    Vnr.    Cafe  8. 

Two  Angles  and  a  Side  oppojite  to  one  of  them  be-' 
ing  knovofiy  to  find  the  Interjacent  Side. 

'  In  the  Triangle  ADE,  there  is  given  the  An- 
gle E  31°  34',  the  Angle  D  130^03',  and  his 
oppofite  Side  AE  70°  00':  Now  the  Side  ED  is 
required. 

Firft  by  ?rop.  2.  Cafe  2.  I  find  AD  oppofed 
to  E^  to  be  40^  00',  and  then  work  thus. 

Take  the  Sum  and  Difference  of  the  Ang/er, 
then  alio  find  the  Difference  of  the  two  Sides. 

Angle    D  130*^03' 

J^lc    E    31   34  fF^.3,: 

Sum  \i\  37  /  i  Z.  8o»  48'  30''. 

V^et.  98  29  f  \  X.  49"  14'  30''. 

H  4  &^ 


\ 
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§  5        Side       AD  40^  00' 
Side        AE  70  00 

Differ.  30  00^  V  X.  15®  00^ 

Now  fay. 

As  S.  4  X-  rr.  D  and  E  49^  14  30'; 
To  &  4  Z.  rr.  D  and  E  80  48  30$ 
5^  ^  T  i  X.  QT\  AD  and  AE  15  00  00", 
To  T.icr*.  ED  19°  15'  co",  which  being 

doubled,  is  the  Side  ED  38^  30',  as  required, 

PROP.    IX.    Cafe  9. 

Txjoo  Sides  and  their  included  Angle  being  knotm^ 

to  find  the  third  Side. 

fig*  40^  In  the  Triangle  APZ^  there  is  given  the  Side 
ZP  38^  30',  the  Side  PA  70%  and  the  Angle  P, 
let  be  3 1^  34,  and  the  Side  AZ  is  required. 

The  Refolution  of  this*  Cafe  depends  on  the 
Catholick  'Propojition  of  the  Lord  of  Marchifian^ 
by  fuppofing  the  Oblique-Triangle  to  be  divided 
(by  a  fuppofed  Perpendicular  falling  ekber 
within  or  without  the  Triangle)  into  two  fe^- 
angu/ars. 

.Now  in  the  Triangle  AZP,  let  fall  the  Ver- 
j^ndicular  ZR  ^  lb  is  the  Triangle  AZP  divided 
into  two  ReSangulars  AJIZ  and  ZRP.  Now 
the  Side  AZ  may  be  found  at  two  Operations 
thus:  Say, 

A^theRadit^orS.of  90*^  oo\ 

To  Sc.  of  the  includedV^  P.  31  345 
So  is  T-  of  the  lejfer  SideVZ  38  .  30, . 
To  T.  of  a  fourth  Arch.         34    08. 

If 
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If  the  contained  Angle  be  leis  than  90%  take    §  %. 
tlM  fourth  Arch  from  the  greater  Side  5  but  if  it 
be  greater  than  90%  from  its  Complement  unto 
180%  the  Remainder  is  the  Rejidual  Arch:  Now 
again  fay. 

As  Sc.  (f  the  fourth  Arch^     34*  68V 

To  &•  Refidual  Archy  35  52  j 

S^  Sc.  </r/?^  /^^r  5/&  PZ,    38  30, 

To  Sc.  AZ  the  Side  required^  40  oo. 

BO*  But  note,  that  many  times  the  Perpen-  Ffg.  41* 
iicular  will  fall  without  the  Triangle^  as  it  doth 
now  witliin;  in  iiich  cafe  the  Sides  of  the  Tr/« 
^mgle  muil  be  continued,  Ip  wiH  there  be  two 
ReSangularsy  the  one  included  within  die  other : 
A9  in  the  Triangle  HIK,  the  Perpendicular 
let  fall  is  KM,  felling  on  the  Side  H£,  and  fo 
the  two  VijsQangulars  found  thereby  win  be  IM 
K,  and  KMK^  and  {o  by  the  DireOions  in  the 
former  Propofition  find  out 
the  Side  IK,  if  required  to  be     ,  IC^Nate>  rhoitftbejn^ 

|0Qjj^  ^  gks  ai  the  Bafe  h$  both  cf  pne 

*  \ifid,  thai  then  the  Ferpcndi* 

cnhr  fais  witbin  tbe  Triaqglle :  ^cf  divers  knids^  wHbm  tbe  Triaogle. 


PROP.    X.    Cafe  10. 

Two  Angles  and  their  Interjacent  Side  known^  to 

find  the  third  Angle. 

In  the  Triangle  kT^^  there  is  ^ven  the  Side  fig.  40* 
23P  38°  30',  the  Angle  P  31*^  34',  and  the  An- 
gle Z  130"^  03',  and  the  Angle  at  A  is  required. 

Firft  the  Oblique-Triangle  AZP,  being  redu- 
ced into  two  ReHar^ulars  ARZ,  and  ZRP^  b 


i^ 


V 
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^  y.     Cqfe  9.  of^rfgomg^  I  find  the  Angle  RZP,  to  be 

^      64^  19',   (in  the  Triangle  ZRP.)  which  taken 

out  of  Angle  AZP  i?o^  03',  leaves  the  Angle 

AZU  6%"^  44'*-  Now  the  Angle  A  is  found  by 

this  Analogy  or  Proportion. 

iijS.r.pzR  64^19', 

T^&K  AZR  65  445 
5^*^Sc.r.atP  31  34, 
To  Sc.  r.  tf/  A  30  28 :  Which  w^  required 

to  be  feund  out  and  known. 

1 

PROP-    XT,    Cafe  11, 
Three  Sides  gwen^  to  find  an  Angle. 

In  the  Triangle  APZ,  the  Side  AZ  is  40**  00', 
thp  Side ZP  is  38°  30',  the  Side  APis  70^  00', 
and  the  Angle  Z  is  required.  To  find  which 
do  thus. 
T^gf  40,  Add  the  three  Sides  together,  and  from  half 
their  Sum,  deduft  the  Side  oppofit^  to  the  re- 
quired Angle;  and /then  proceed  as  you  fee  in 
tne  Operation  following. 


Side 


spherical  Trigononnefry^         107 

$iie    APyo^oo'  QhArlth.      * '* 

$ide    AZ40  00  ■■     ■    I       ^      "O^  1919?? 
iS/i?    ZP  38  30—-^^ — 5-^^ o,  205850 

Sum       148  30  Sines, 

■ 

iSm       74  15 »■'■■      y,  983380 

5/(fe    AP  70  00 

R^ar.         04  15 "  8)  8^9858 


«»«■ 


5^«^ r — I9j  25103117^.40^ 

4Siraris^5^o7'3o';theSc.ir.atZ,  9,625515 

^^^  doubled  is^  136*03'  la"^  the -— . 

Angle  at  Z  required, 

Thi«  iitfrPropofition  or  Cafe  is  of  great  Ufe 
in  Aftrimomy^  Kavigati(mj  and  DyaUing. 

For  in^Aftrimom  'tis  by  this  PropofitioA  we 
find  tbeltiine  of  TVilight's  Beginning  and  End^ 
In  Navigation  it  finds  the  Sun's  Azimuth,  in 
.order  to  find  the  Variation  of  the  Needle  5  and 
in  DvaBiUjg  it  girts  the  AEimufh,  by  help  of 
•  wWch,  we  find  the  Declination  of  any  Wall  or 
Pkin^ 

PROP,    Xn-    Cafe  12. 

tV^  Angksgron^  to  find  a  Side. 

'    In  the  T^tatik  AZP,  the  Angle  A  is  30"  28'  B*.  40. 
.  lI^  the  An^e  Z  tac'  03'  12^  the  Angle  P   * 

is  3i»  34'  26",  and  the  Side  AZ,  oppcdlitetoP, 

is  required. 

This 


io8         Spherical  Trigonometry. 

^  J,  This  Cafe  is  likewife  performed  as  die  former 
Cafe  or  Propofition,  the  Angles  being  converted 
into  Sides,  and  d^Sides  into  Angles,  by  taking 
the  Complement  of  the  greateft  Angleunto  iSo^" : 
See  the  Woirk. 

Angle  E    31*  34'  26"  Co-Aritb. 

Jingle  A.    30  28  II— o,  294920 

Con^l.V*Z^^  $6  49  o,  1 16084 

Sumh     III  $9  26  Sines 

iSuMH     $$  J9  43 — 9>  918549 

t  _ 

16^.40^      Jingle's    91  34  26 

.  Xy^er.      24  25  17— -^ 9,  6x6417 

■  I  I  f 

Sum  total ^19,  947970 

The  i  Sum  is  Sc.  ^20^  00'  half  the 

Side  AZ, ^t  972985 

which  being  doubled,  gives  the  Side  AZ  40''  oo^, 
required  to  be  founa  out  and  knovim* 

S^  B\it  if  the  greater  Side  AP  were  required, 
the  C^eratioti  would  produce  the  Complement 
thereot  unto  a  Semicircle  or  180^  ^  therefore 
iubflra£t  it  firom  180%  it  leaves  the  remaining 
required  Side  fought. 

Thus  have  I  laid, down  all  the  Cdfes  of  Tri- 
angles^ both  Bight 4inei  and  Sthencali  either 
IRight^  or  Oblique-angled  ^  I  mignt  hereunto  hav« 
annexed  many  Varieties  unto  each  Cafe^  and 
fbme  fundamental  Axioms^  whidh  fbmewfafit 
more  would  have  illuftrated  and  demonflrated 
thofe  Cafes  and  proportions  j  but  bec^uie  of 

the 
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die  Smallnefs  of  this  Trcatife^  which  is  intended     §  ;• 
more  for  fraStce  than  Theory^  I  have  for  Bre- 
vity lake  omitted  them,  and  refer  you  for  thofe 
things  to  larger  Authors,  who  have  largely^ 
difbourfed  thereon  to  good  purpofe. 


CHAP.  71. 

Of  ASTRONOMY. 

Defii.  A  Stronomy  h  an  Art Mahemt 
XJL  tical^  which  meafureth  the  difiinU 
Courfe  cf  Titaes^  Days^  Tears^  &c  bjhcmth 
the  Diflance^  Magnitude^  Natural  Motions^  Ap^* 
pearances  and  Vafions^  proper  unto  the  Tlanets 
otti fixed  Stars^  for  any  timepafL  prefent  andto 
comt.  By  this  toot  are  certified  of  the  Diftance  cf 
thtftanySfy^  and  cf  each  Flanet^  from  the  Cen* 
ter  cf  toe  Earthy  and  the  Magnitude  cf  any  fixed 
Star  or  Vianet^  in  refpeU  cfthe  EartFs  Magni^ 
tude  \  vAatH  the  Caufe  cfEclipfef^  and  theMe^ 
tbod  of fin&ngthe  Quantity  of  tie  Digits  eclip/ed. 


^mmm^mMm^mmtmmmammmmmmtm^ 


S  E  C  T.     L 

Of  jifironomical  Dtfimtmsl  §  i^ 

tksfin.t.  A    Sphere  or  Glche  is  a  Iblid  Body^ 

Jl\  contained  under  one  Superfidet^ 

in  whole  nuddle  there  is  a  Poinc  (^called  the 

Qnmrl^  fiom  which  att  ti^t  or  fireight  Lines 

drawn 


1^.43. 
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§  X.     drawn  unto  the  Orcwnferctice  or  St^rficies^  zxt 
Equal. 

fig.  43*  2.  The  P<^/^j  of  the  World  ajre  two  fixed 
Points  in  the  Heavens  DianfCfrlcaUy  pppofite  tfacL 
one  to  the  other  ^  the  one  called  the  \drtick  oi 
North-Po/e^ 'noted  in  the  Scheme  hy  P*  The 
other  is  called  the  Antartick  or  South-fok-^  as 
S.  and  is  no£  to  oe  feen  of  us,  being  in  the 
lower  Hemifpher£. 

E^.'4J.  3*'  The  Axis  of  the  World  is  an  imaghiar/ 
Line  drawn  firom  the  Nortb't!o{e^  thrqugh  the 
Center  of  the  E<^/&,  unto  the  South-pQie^  about 
which  the  Diurnal  Motion  is  performed,  from 
thtiM  to  thsiWefi  ^3sththxMi9S. 
;.  4.  Tjie  Meri^i^s  are  gEeat  Qrdes^  concur^ 
xi«g.9nd  'JntjerXe<aing  oi^e  anotKor  in  the  Vikt 
aC.^eVarld/,  «aPJESa?dPc.&  ,  - 
'.  a^  TyxeEqjmoQiaji  or  £^iftrt«*  w.a  ^eat  Gt* 
^^  9Q  P^*  diffa^it  fijoin  .<thQ  P/iT^i  of  ^ 
Vorld,  cuttiflg.  the  Meridiaas  atRigiltra^Jrs^ 

f(?-  43-  ^^  divjdeth  tibe  Wcjrld  intoHwo  fquarl  f^rts^ 
^lled  the  l^artbcfTi  and  SdMhern  mniifpbfns^ 
as  E  tfu  Q:  in  ^^fcr;?*^?  4!  .    . 

.  64  The£c/^(cifcjsa:gi;eat)Cxrckcr(^^ 
EtrnnaSifi/j,  in  ,tii0  t^o  .Qpgpfiie.  Pcdiits  ifitatfit 
and  L/^^,  and  maketh  an  Angle  therewith 
(called,  ix&Vbtitjmrf)  of  i;^  ?5^~repf5lfeftrd 
by  S  sai  vf.    Tius  £ir^ir  i^  divided  into  li 

F(f.  4^4  5/;7^x,  each  containing  ?o''  od':  As  ilr/Vx  1^, 
Taurus  ^^XSMki^L^^^Caueir^^Lso  ^,  f^/y^ 
W,  (which  are  called  Northern  Si/ies)  Libra 
f¥\.  &c^^  ^^^i^^h^  ^/  tMpricomtM,  Tjk 
jS^rius  ,a5j':^i#;|^ij/JTRr  ^^^  »e  called 

7- The 
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f.  The  Zoiiack  is  a  Zone  or  Girdle^  Ji^ving    §  ^^ 
8  Deg.  of  Latitude  on  either  lide  the  Echptick^ 
that  is,  the  Ecliftkk  is  juft  in  the  middle  of  the  . 
Zodiack^  in  which  fpace  the  Planets  make  their 
Revolution.    TWs  0>f/f  is  a  Circle  which  re-  frg.  45^ 
gulatesthe3?jn',  i^W/ft/,  and 

&WJ7;7/,  ^  and  is  diftinguiftied  ,  *J^^*jif  *^  '*^  T''^\  ?f 
111  the  Scheme  by  the  1 2  Sines.      ^^^^^  ,^^|,  of  .a  Cr  Jura 

depend  w  tie  C<ii»/^  of  that  Cirgle ;  /or  iff  sun  aj'ctr.d'ing  in  it,  and  moUnc 
twfards  us,  hfin^i  the  Oenerution  of  ihingSj  and  in  defcendlfig  the  Cor- 
TUptm  of  all  things  fenfihlt^  ani  injen/iUe^  which  are  behtp  the  Comavitf 
of  the  MoWy  &c« 

■ 

8.  The  Colures  are  two  Meridians^  dividing 
the  Ecllptlck  and  the  EqumoSial  into  tour  equal 
parts  \  one  of  which  paiTeth  by  tlie  EquinQSial 
Points  Aries  and  Ubra^  and  is  called  the  Eqai-  Ytg.  ±%4 
noQialColure^  as  P  e»  S-    The  other  by  the  be- 

-,ginning  k£  Cancer  and  Capricorn^  and  is  called 
the  Solfiiml  Colure^  as  P  s  S  vy. 

9.  The  Toles  of  the  Eclipticknxe  two  Points, 
•23«  30'  dlftant  from  Ae  Foies  of  the  World,  as 

10.  The  Trcpicks  are  two  fmall  Circles  P4- 
T^l  nnto  the  ^mnoQidl^  and  didant  thar&- 
from  1^"^  ^o\  limiting  the  Sun's  greate/i  Dec/ir 
nmon^    The  'Northern  Tropick  paflerfi  by  the 

'  i>cginnii^  oi  Cancer^  and  is  therefore  call^ 
the  Ttdpick^Qincer^  as  ,5.^  D.  The  Southern  Tig.  ±^4 
Tr^c^.palleth  by  the  beginning  .of  Capricorn, 
ana  is  therefore  called  the  Tropic  A  o(  Capricorn  1 
«  Bb  v- 

11.  Thd  Polar  Circles  aire  two  fmall  Cirdey 
paraUel  to  the  Equinoffialj  and  diftant  there- 
from 66""  30'  s  and  from  thd  Foles  of  toe  World 

53* 
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^.  I.     2t^  ?o'*    That  Which   is  adjacent  unto  the 
North-Pole  J  is  called  the  Artick  Circle^  asGdl, 
4 J.  and  the  other  the  il;7/tfr//V^  C/rr/r,  asKdM« 

1 2.  The  Zenith  and  the  Na^r  are  two  Points 
TiiametricaJfy  oppofite  the  one  to  the  other:  Tte 
Zenith  is  the  Vertical  Point ^  or  the  Point  Over 
our  Headsy  as  Z.  The  NaSr  is  oppofite  there- 
to,  aS/the  Point  N. 

15.  The  Azimuths  or  Vertical  Qrcles  are 
great  Circles  of  die  Sfhfre^  concurring  and  in- 
terfedting  each  other  in  the  Zenith  and  Nadir  ^ 
asZfN. 
fjf.  4J-  14-  The  Horizon  is  a  great  Circle,  90  Deg. 
diftant  from  the  Zenith  and  Na^r  ^  cutting  sul 
the  Azimuths  at  Right-angles,  and  dividing  the 
World  into  two  equal  parts,  die  upper  and 
vifible  H^i/phere^.  and  the  lower  ana  itroijible 
Uemifphere^  reprefented  by  H  let  R. 

15.  The  Meridian  of  a  Place  is  that  Meridiatt 
)Kf,  4?.  whidi  pafleth  by  the  Zenith  and  Nadir  of  the 

Place,  as  PZSN. 

16.  The  Almicanthars^  or  Parallels  of  Aitir 
^  Juie^  are  finall  Circles  parallel  tuito  the  Hori- 
zon^ imagined  to  pais  through  every  Degp^ 
and  Minute  of  the  iU^iir^,  between  tne  2^/6 
-and  Horizon  B  aF.  * 

17.  Parallels  cfhatitude^  or  DecH nation^  are 
Wit*  4^  finall  Circles  parallel  unto  the  E^/zm^^ij/^  diey 

are  called  ParaBels  of  hatittide^  in  reipe£t  to  ^7 
place  on  the  Earthy  and  Parallels  of  Declination^ 
in  refped  of  the  Sun  or  5/jrx  in  the  Heavens. 
Hence  the  Declination  of  the  Sun^  Moon^  or 
Stars^  is  no  more  than  tibeir  Diftance  from  the 
Equator. 

■    i8.IJie 
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18.  The  Latitude  of  a  Tlace  is  the  Height  of    §  i, 
the  Fole  above  the  Horizon^  or  the  Diftance  be- 
tween the  Zenith  and  the  Egui/ioHial:,  or  'tis 

the  Diftance  of  "a  Place  from  the  Equator. 

1 9.  The  Latitude  of  a  Star  is  the  Arch  of  ^ 
Orc/e^  contained  betwixt  the  Center  of  a  Star^ 
and  the  Ecliptiek  Line:  This  Circle  making' 
fUght'onglei^  with  the  Ecliptiek^  is  accounted 
either  Nor t hoard  or  Southward^  according  to 
the  Situation  of  the  Star. 

20.  Longitude  on  Earth  is  meafured  by  an 
Arch  of  the  EquinoSia/y  contained  between  the 
Primary  Meridian^  (or  Meridian  of  that  place, 
where  Longitude  is  affigned  to  begin )  and  the 
Merididn  of  any  other  place,  counted  always 
Eafterly. 

ai.  The  Longitude  of  a  Sf^r  is  tlaat  part  of 
the  Ecliptickj  which  is  contained  between  the 
Starh  place  in  the  Ecfiptick  and  the  beginning     ^ 
ofAriesy  counting  them  according  unto  the  Suc- 
ceflion  of  Signs. 

22.  The  Altitude  of  the  Sun- or  Stars  is  the 
Arch  of  an  Azimuth,  contained  betwixt  the^^ 
Center  of  the  Sun^  or  Star^  and  tlie  Horizon.  . 

23.  Afcenfien  is  the  rinlig  of  any  Star^  or 
part  of  the  EquinoSial^  to  any  Degree  above  the 
Horizon  •,  and  Defcenfion  is  the  letting  of  it- 

24.  R/]f&/4/^^;^i7;7  is  the  Number  of  D^^r^^x 
and  Minutes  of  the  EquinoSial  5  (i,  e.  from  the   ' 
beginning  oi Aries)  wliich  cometh  unto  the  Me- 
riduan^  with  the  Sun  or  5/jr j^  or  with  any  Por- 
tion of  the  Ecliptiek. 

25.  Oblique" Ajcenfion  is  an  Arch  of  the  E^i^/- 
noSialy  between  the  beginning  of  Aries  and 
that  part  of  the  Equinoffial^  which  rifeth  with 

I  the 
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§  I.  the  G?/r/^r  of  a  Star^^  or  with  any  'Portion  o{ 
thcEcl/Ptick  imn  Oblique  Sphere:  AndObliquc 
T)ejcenji(m  is  that  part  of  the  KquinoQialy  that 
letteth  therewith. 

i€.  The  Ji^cenfionnl  Difference  is  an  Arch  of 
the  EquinoSial^  being  the  Diflferaice  betwixt 
the  Right  and  Oblique-Afcenfion. 

27.  The  Amplitude  of  the  Sun  or  Sfars  is  the 
Diftance  of  the  riling  or  fetting  thereot,  from 

'the  Eaft  or  Wefl  Point  of  the  Horizon. 

28.  The  Parallax  is  the  Difference  between 
the  true  and  apparent  Place  of  the  5///?  or  5;^^^ 
fo.the  true  Place  in  refped  of  Altitude y  is  in 
the  Line  ACE,  or  ADG,  the  Sun  or  Star  being 
at  C  or  D,  and  the  apparent  Place  in  the  Line 
BCF  and  BDH  -,  fb  likewife  the  Angles  of  tte 
Paraiax  are  ACB  or  ECF,  and  ADB  or  GDH: 
Alfb  in  the  faid  Scheme  ABK  reprefentedi  a 

R?-42-  Quadrant  (pith^Globe  oxEarth)  on  the  E^/i's 
Superficies:  A  the  Center^oi  the  Earthy  andB 
any  Point  of  the  EartVs  Surface. 

29-  The  RefraSion  of  a  iSr^r  is  caufed  by  the 
Atmofphere^  or  Vapor ms  Thicknefs  of  the  4r 
near  the  Earth\  Superficies^  whereby  the  Sun 
and  iS/^z-j  feem  always  to  rife  fboner,  and  fet 
later  than  really  they  do  5  dmt  is,  they  appear 
above  the  Horizon  when  really  they  are  un* 
der  it. 
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SECT.    n. 

of  Aftronomical  Propojitions.  §  zi 

PROP.    I. 

The  Diflaicf  of  the  Sun  from  the  next  EqmnoBal 
Toint  {either  Aries  ^  Libra)  being  knamn^  to 
find,  his  Declination. 

THE  Analcgy  or  Proportion. 
At  Radius  or  S.  90% 
To  &  of  the  Sun^s  difiancefrom  the  next  Equi^ 
noSial  Point  5 

Sois^cf  the  Sunsgreatefi  Declination^ 
To  the  S.  of  the  Sun's  prefent  Declination 
fought. 

PROP.  n. 

The  Sun^s  Place  given^  to  find  hk  Right* 

AfcenfionM 

This  ia  the  Analogy  or  Proportion^ 

As  Radius  ox  S.  $o\ 

To  T.  of  the  Sun^s  Longitude  from  the  text 
EquinoQial  Point  5  r 

So  is  the  Sc.  of  his  great  efi  Declination y 

To  T.  of  his  Right- Afcenfion  from  the  next 
EqmnoSftalPoint. 


^ 
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§2. 

PROP.    III- 

Tojini  the  Surfs  Tlace  or  Longitude  from  Aries^ 
his  'Declination  being  given. 

This  is  the  Analc^y  or  Proportion. 
As  S.  cf  the  Suns greatefi  Declination j 
To  Radius  or  S.  90''  00'  ^ 
So  is  S.  of  bisprefent  Declination^ 

ToS.(f  the  Sun's  Flace  or 

portion  Ms  the  Sun'i  Difiame 

from  T  't  hm  if  decfeafipgfrim  t^  im  the  Nortkem  Sines.  But  if  the 
Sun*i  €cclioation  Be  South,  and  tMcreafmi  from  tfS  »  if  decreafing  from 
T  ^wron^  r^  Southern  Sines. 

P  ROP-    IV- 

By  knowing  the  Sun's  Declination^  to  find  his 

Eight  Afcenjion. 

This  is  the  Analogy  or  Proportion. 
As  Radius  or  S.  9b% 

To  Tcofthe  Sun^^  great  eft  Declination  ^. 
SoisT.cf  the  Declination  given^ 

t  Ftm  tie  „,«  EquinoftW         '^'  ^'  ^  '  ^^f'"  '"'^^^  ^' 
Ptint,  enter  r  ar  sa.  ^^"Jtoa  reqiured  f. 

P  R  O  P.    V. 

Bv  knowing  the  Latitude  of  a  Place^  and  the  Sun's 
Declination^  to  find  the  A/cenJional  Difference. 

This  is  the  Analogy  or  Proportion. 
As  Radius  or  S.  90% 

T9 
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To  Tc.  cf  the  Latitude  given  5  §  2» 

So  is  T,  of  the  Sun's  Declination  given^ 
To  the  S.  of  the  Afcenfwnal  VijSference  re- 
quired. 

So*  Note,  That  if  you  reduce  the  Degree?, 
Cfc.  of  the  Afcenjional  Difference  imp  Hours,  it 
will  (hew  you  how  much  the  Sun  rifeth  or  fetteth 
before,  or  after  fix  a  Clocks  in  that  Latitu^e^ 

PROP.    VI. 

Tojinithe  Sun^s  Oblique  Afcenjion  or  Defcenjion. 

Firfl:  find  the  Afcenjional  Difference  by  the 
Jth  rtropofition,  and  his  ^gjbt  Afcenfion  by  the 
tourdi ;  Now  if  the  Sur^s  Declination  be  Nor- 
therly, dedu6l  the  Afcenjional  Difference  out  of 
his  flight  Afcenfion^  from  the  b%inning  of  T^ 
(for  the  fix  Nor&ern  Signs  r  »  H  s  a  ^K)  it 
leaves  the  Oblique  Afcenfion^  and  added  unto 
the  f^ht  Afcenjion^  giveth  the  ObUqne  Defcen- 
Jion. 

But  if  the  Sun\  Declination  be  Southerly,  the 
Afcenfional  Difference^  added  to  the  Right  Af 
cenjion^  (for  the  fix  Southern  Signs  ^^  t  '^ 
»  ^)  giveth  tlie  Right  Afcenfion^  and  fiiftraa- 
$d  thercfronj,  leaves  the  Oblique  Defcenfion^ 

P  R  OP.    VII. 

< 

By  knomng  the  Surfs  Declination^  and  the  Lati- 
tude of  a  Vlacey  to  find  the  Sutfs  Amplitude. 

This  is  the  Analogy  or  Proportion. 
As  Sc.  of  the  Latitude^ 

13  T* 
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§  2.       To  the  Radius  ^  S.  90^^  j 

5^  is  the  S.  cf  the  Sun^s  Declination^ 
To  the  S.  of  the  Amplitude  from  the  Eafl  or 
Weft  Points  of  the*  Horizon. 

This  Propofition  is  of  great  Ufe  at  Sea,  in 
finding  the  Variation  of  the  Needle  :  For  the 
Summ  of  Difference  of  the  Sun^s  Amplitude  and 
Magiietick  Amplitude ,  according  as  it  is^  istlw 
^Variation  of  the  Needle* 

PROP.  vni. 

By  knowing  the  Suns  Declination  and  Amplitude^ 
from  the  North  part  of  the  Horizon^  to  find 
the  Latitude. 

This  is  the  Analogy  or  Proportion. 

As  Sc.  cfthe  Amplitude  from  the  Korth^ 

To  Raiim  or  S-  90^  00'  •, 

5^  i$  S.  of  his  Declination  given. 

To  Sc.  of  the  required  Latitude.  • 

P  R  O  R    IX. 

ty  knowing  the  Latitude  of  a  Tlace^  and  the  Suds 
Declination^  to  find  at  what  time  the  Sun  will 
be  on  the  true  Eaft  cr  Weft  Voints. 

The  Analogy  or  Proportion  is. 

As  T,  of  the  given  Latitude^ 

To  T.  of  the  Surf%  Declination  propounded.^ 

So  is  Radius  or  S.  90^  00', 

To  Sc.  of  the  Hour  from  Noon. 
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P  R  O  P.    X. 

Ity  kncmng  the  Sun*s  Declination^  and  Latitude 
'  of  a  Vlace^  tojindhis  Altitude  at  fix  a  Clock. 

This  is  the  Analogy  or  Proportion. 

As  "Radius  or  %.  90^  00', 

T^  S.  of  the  Surfs  Declination  •, 

So  is  S.  of  the  Latitude  of  the  'Place,  - 

'Xo  S.  of  the  Sun's  Altitude  at  lix  a  Clock. 

P  R  O  P.    XL 

^  knowing  the  Latitude  of  a  Place  ^  and  the  Su^^ 
Declination^  to  find  the  Azimuth  at  fix. 

This  18  the  J^nalogy  or  Proportion. 
As  Radius  or  &  90°  09', 
To  the  T  of  the  Surfs  Declination  5 
5(;  ^  So  of  the  Latitude  cfthe  Place^ 
To  the  T.  of  the  Azimuth  fought 

PROP-    XIL      ^ 

J5)?  knowing  the  Latitude  of  a  Places  ^^i  ^he  Sun^s 
Decftnationj  -to  find  the  Sun's  Altitude  when  lye 
is  on  the  true  Eaft  or  Weft  Points. 

This  is  the  Analogy  or  Proportion. 
AjS.ofthe  Latitude^ 
To  the  Radius  or  S.  90^  00'  5 
5^  is  the  S.  of  the  Declination, 
To  the  S.  of  the  Sun's  Altitude  being  due  Eaft 
or  Weft. 

14  l?ROP. 
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PROP.  xm. 

To  find  the  SutCs  Altitude  at  any  time  of  the  Day, 

The  Analogy  or  Proportion  is, 

As  Radius  or  S.  90°  oo', 
'  To  Tc  of  the  'Poles  Height  5 

So  is  S.  of  the  Sun^s  Didance^    ' 

From  the  Hour  of  Six, 

To  theT.  of  an  Arch:  Which  being  fubftrafl:- 
cd  from  .the  Suns  Dijiance  from  the  Pole:^  Ikjr, 

As  Sc.  of  the  Arch  founds 

To  Sc.  of  the  remaining  Arch  of  the  Sufi's  LA- 
fiance  from  the  Po/e  5 

So  is  S.  of  t|ie  Po/e^s  Height^ 

To  the  S.  of  the  Suns  Altitude  at  the  Hour 
required. 

PROP.    XIV. 

By  knowing  the  Latitude  of  a  Place  ^  voith  the 
Suns  De(;Hnation^  and  Altitudey  to  fini  the 
Hour  of  the  T>ay. 

To  folve  this  ConcluCon  do  thus:  Get  the 

Sum  of  the  Complements  of  the  Latitude^  hecli- 

^  ^  ,    ^  ;•      ^    ,,.        nation  and  Altitude  given*. 

S^JuI^'mths"  "^  ^  ^^''    ^^^  ^"^  ^^^  Difference  be- 
^  '  twixt  their  half  Sum,   and 

the  Complement  of  the  Altitude-^  then  lay. 

As  Radius  or  S.  90°  oo'. 

To  So  of  the  Suns  Altitude  5 

So  is  Sc.(£  the  Latitude  of  rfie  Place, 

T^  a  fourth  Sine :  Then  again  fay. 

As  the  fourth  S. 

T^  /&^S.  of  i  7L  of  tte  JUr.  Devlin,  and  i!//, 

'   >■  .  -  So 
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So  PS  the  S.  of  X.  of  the  Altitude  to  the  !  Z,        §  2. 

To  ajifth  of^.ni[itoyfhi(^Sine^  ifyouaddthe 
Radius  or  90''  oo',  half  that  Sum  fhall  be  the 
Sine  of  an  Arch^  whofe  double  Complement  is 
the  Hour  from  the.  Meridian. 

This  is  a  very  ufeful  Propofition  (tho'  one  of 
the  moil:  troublefbme  to  calculate  it  being  dbne 
by  the  1 1  th  Cafe  of  Oblique  Spheric  Triangles :) 
For  by  it  you  find  the  Hour  of  the  Day,  ha- 
ving the  Sun's  Altitude  given  -,  and  confequent- 
ly  may  know  how  to  fet  any  Clock  or  Watch, 
or  Sun-Dyal,  if  the  Sun  fhines. 

The  Sun's  Altitude^  if  he  fliines,  is  gotten 
thus :  Set  a  ftrait  Pin  or  Wyer  eiadly  pernen- 
dicaki^  on  a  true  Horizontal  Plain-,  then  mea- 
fure  the  Length  of  the  Wyer,  and  the  Length  of 
the  Shade  ot  filch  Wyer,  and  fay. 

As  the  Length  cf  the  Shade  to  the  Length  cf 
the  Wyer^  fo  is  Radius  to  the  Tangent  of  the  An- 
gle of  the  Sunns' Height. 

jUfo  by  having  the  lame  tibings,  viz.  Lati- 
tude^ DecSnation^  and  Sun's  Altitude  given,  *tis 
eafy  to  find  the  Sun's  Azimuth  from  the  North, 
and  by  Confecpience  from  the  South  ^  which  ha- 
ving gotten,  is  of  great  ufe  in  finding  the  Va- 
riation of  the  Needle. 

This  Azimuth  is  alfb  always  to  be  found,  in 
order  to  find  the  Declination  of  any  Wall  or 
Plain  on  which  any  Eyal  isto  be  delineated. 


PROP, 
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P  R  O  P.    XV. 

To  find  the  Time  tf  the  Sun*s  Rjfiag  or  Setting., 
and  confequent/y  the  Length  of  the  Day  or 
Night. 

To  refblve  this  Conclufian^  firfl:  by  Prop,  the 
5.  find  the  Afcenfiond  Difference^  which  redu- 
ced into  Hours  and  Minutes  of  Time,  by  allow- 
ing for  every  i  y  Deg.  one  Hour^  and  for  every 
Deg.  left  than  i  y%  4  of  Time,  and  for  every 
1 5  Min.  one  Minute  of  Time. 

Secondly^  If  the  Sun's  Declination  be  Norther- 
ly, the  Afcenfiond  Difference  added  unto  6 
Hours,  gives  Ae  Time  of  Sun-fetting^  and  fiib- 
ftradlcd  therefrom,  leaves  the  Time  of  Sun- 
tUfifg  :  On  the  contrary,  if  the  Sun^s  Declinati- 
on he  Southerly^  the  Afcenfiond  Difference  added 
unto  6  Hours,  gives  the  Time  of  Sun-Rifing^ 
and  dcduded  therefrbm^  the  Time  of  Sun- 
fetting. 

Thirdly^  If  you  double  the  Time  of  Sun- 
Viifing^  it  gives  you  the  Length  of  the  'Night  5 
and  the  Time  ot  Sun/etting^  the  Length  of  the 
Day. 

PROP.    XVI. 

The  Sua's  Declination^  Altituie^  ani  Azimutk 
knovon^  to  find  the  Hour  of  the  Day. 

The  Andqgy  or  Proportion  is. 
As  the  Sc.  of  the  Suns  Declination, 
To  the  S.  of  the  Azimuth  5 
So  H  the  Sc.  of  the  Altitude^ 

T# 
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To  the  S.  of  the  Hour  from  Noon :  Which     §  2. 
converted  into  Timej  will  fliew  the  Hour  of 
the  Day. 

PROP.  xyn. 

B^  knowing  the  Sun's  Declination^  Altitude^  and 
Hour  from  Noon^  to  find  the  Azimuth. 

Th*  Analogy  or  Proportion  is,  • 
As  &•  of  the  Sun^s  Altitude^ 
To  S.  of  the  Hour  from  Noon  5    . 
So  is  Sc.  of  the  Sun'^s  Declination j 
To  the  S..  of  the  Azimuth  required. 

PROP.  xvm. 

Ify  knowing  the  Latitude  of  a  Flace^  the  Altitude 
cfthe  Sun^  and  the  Hour  from  Noon^  to  find 
the  Anile  of  the  Sun*s  Fojition. 

Tills  is  the  Analogy  or  Proportion. 

As  Sc.  of  the  Sun^s  Altitude^ 
'  To  S.  of  the  Hour  from  Noon  ^ 

So  is  Sc.  of  the  Latitude^ 
^  To  S.  of  the  V.  of  the  Sun\  Pofition^  at  the 
time  of  the  ^ueftions^ 

PROP-  xix: 

fy  knowing  the  Sun^s  Altitude^  Declination^  and 
Azimuth  J  to  find  the  Latitude. 

The  Analogy  or  Proportion  is. 

As  S.  of  the  Sun^s  Azimuth^ 

To  S.  of  his  Diftance  from  the  North-fole  5 

So  is  S.  of  K  of  the  Sun\  Pofition^ 

To  Sc.  of  the  Latitude  require,        PROP, 
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P    R  OP.      XX. 

To  fini  the  Length  of  the  Crefufculum^  or 

Tm  light. 

The  Crepufculum  or  Tvoilight^  is  nothing  elfe 
fcut  the  RejraHion  of  the  Sun's  Beams  in  the 
T>enfity  of  the  Air :  Which  the  Learned  Pet. 
Nennius  found  the  Length  of  the  Crepufculum 

^W^cbedtbenme after S.n.     ^X^'LT''^ ^^'^  ^'^^'IfT 

fetting.  i^hen  the  Twilight  in  ^^^ns  ^)  to  continue  from  the 
the  Weft  was  fhut  in;  fo  that    time  01  the  Suns  palung be- 

m  mare  Twilight  than  m  4»r  low  the /f<^/>t?;7  of  a  PlacCj  un- 
^ber  part  of  tbc  Sky  near  the  til  the  Sun  had  run  below  the 
Horizon  appeared  there:  taen     r,:i  tj^- oo       '         j  ^t_ 

hy  one  ofthekiimn  fixed  Stars,    M  Horizon  I  ^°  00 ,  and  then 

bavini  fwnd  the  true  Hour  of  lollowed  the  IhuttUlg  m  pf 
the  Night,  be  found  the  Ungth     the  Twilight ,    and   until  the 

i!ilum&i  ^^'"^  '*'  ^"""^^  ^^^  departed  fo  low  the 
^^       ^    \  '  Twilight  continued.  —  To  find 

which  obferve  this  Analog  or  Proportion.    , 

As  Radit^  or  S.  90% 

To  Sc.  of  the  Sunn's  Declination  s 

5^  is  Sc.  of  the  Pole's  Height, 

To  a  fourth  Sine^  which  keep. 

Then  out  of  the  Sun\  Dijlance  from  the 
South  Pole^  fubdudt  the  Complement  of  the  Pole-^ 
and  of  that  Remains  and  the  Degrees  6  2,  being 
added  to  it,  their  5i^«^and  Difference  found^  fey 
again  J  * 

As  the  fourth  Sine  founds 
To  S.  i  Z.  of  the  Remainder  and  62°  00' 5 
SoisS.^^  X.  of  the  Remainder  and  62°  oo', 
T^  a  Number^  wliich  being  multiplied  by  the 
JW/;;tf  is  equal  unto  the  ^adrant  ot  tibe  Sftte  of 

^  y-the 
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tlie  i  A/^le  of  the  Suns  Difta/ice  at  the  ending     §  2. 
of  the  Tmlight^  from  ATt?^;?  next  enfuing. 

Then  from  the.Sum  of  the  whole  Angle  con- 
verted into  Uours^  fubiiraft  the  Hour  of  the  * 
Si//?V  fetting  "^j   it  gives  you  ^ 
the  Length  of  the  Crepufculum    ^  Or  i  Diurnal  Arcbl 
or  Ttoi/tght. 

But  the  5i;r;^  being  in  the  Wimer  Tropick^ 
makes  the  Twilight  longeft  of  ^  ,  ,         .  ^  .  .  ^ 

siYV  Twilight    the  whole  ri^//7.  •      TofindtheLenffbofthkaM 
\  iW    '    X?       •  Crcpfufeulum  ar  Twilight. 

ter  halt  Year :  Now  m  a  cer- 
tain  Parallel^  betwixt  that  Tr^/V^t  and  the  Equi- 
noSial^  is  the  ftiorteft  Crepufculum :  The  Dec& 
nation  of  which  Parallel  is  thus  found. 
iix/i^Tc.  oftheP^/^; 
T^  the  S.  of  the  P^/f  ^ 

S(7^rfe^T.  ofo9^oo', 

T(7  S.  of  the  Declination  of  the  Parallel^  in 
which  the  5/^/?  maketh  the  fhorteft  Crepufculum 
of  the  Yean 

But  before  the  Crepufculum  come  to  be  Ihort- 
eft,  there  is  another  Parallel^  in  which  the  Cre- 
pufculum is  equal  to  that  of  the  EquinoSial: 
the  Declination  of  whidi  is  found  thus. 

As  the  Radius  or  S.  90°  co'. 

To  S.  of  the  Pole^s  Elevation  or  Altitude  5 

5(7/iS.  of  i8°oo'. 

To  S- .  of  the  Declination  of  the  ParaJkl^  in 
which  the  <Si//?  maketh  die  Crepufculum  equal  to 
that  in  the  EqutnoSiaL 


PROP. 


\ 
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*  ^  PROP.    XXI, 

To  fini  the  ^antityi  of  the  Angle Sy  tvbicb  the 
Orcles  of  the  12  Uoufes  make  with  the  iVU^ 
ridian. 

Tills  is  the  Analogy  or  Proportion. 

As  the  Radit^  or  &  90"^, 

To  T-  qfSq^'^x  far  the  iiA,  9th,  ^th,  and  3d 
Uouje  \  or  to  thtf  T.  lo'^for  the  \2^  8th,  6th, 
and  2d.Uoufe\ 

So  PS  the  Scoi  the  Foley  ' 

Xo  the  Tc.  of  any  Houjej  with  the  Meridkn^ 

PROP.    XXII. 

To  find  the  Right  Afcenfion  of  the  Voint  in  the, 
EquinoHial:  And  alfo  the  Toint  in  the  Eclip^ 
tick^  catted  Medium  Grli^  or  Cor  Cctli. 

Firfiy  To  find  the  Right  Afcenfion  of  the 
Point  of  the  Ejuinoffial^  called  Medium  Cr^,  ve/ 
Cor  Qeliy  find  out  the  Sun's  Right  Afcenfion^  by 
Ptop.  2.  Then  reduce  the  whole  Time  from 
Noon  laft  p^ft  into  Degrees^  which  add  unto 
the  Right  Afcenfion  of  the  Sun^  fo  fhall  their 
Aggregate  be  ^t  Right  Afcenfion  of  the  Point, 
which  in  the  EquinoQial  is  called  Medium  Carliy 
vel  Cor  Cctliy  required  to  be  found. 

Secondly^  By  the  2  Propofitions  aforegping^ 
.  you  may  find  the  Right  ^cenfion  of  the  Point 
in  the  Ecliptick  Culminant  in  the  Meridian^  cal- 
led Medium  Co^li^  vel  Cor  C(eli\  which  is  the 
Cufpis  of  the  Tenth  Uoufe^  and  his  Declination 
by  Prop,  the  fir  ft 

PROP. 
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1?  R  o  p.   xxin. 

To  find  the  Angle  of  the  Eclrptick  wth  tie 

MeriSan. 

Tlie  Analogy  or  Proportion  15, 

As  the  Radius  or  S.  90% 

To  S.  of  the  Sun^s  Great^  Declination  { 

So  is  Sc.  of  the  Sun^s  Right  Afcenjiany  from 
the  next  Equi/ioffial  Pointy 

To  Sc.  of  the  V.  of  the  Ecliptick^  with  tihe 
Meridian. 

PROP.    XJOV. 

T?  ^i  /fe^  Angle  cf  the  Ecf/ptick  mtb  the 

Horizon. 

The  Analogy  or  Proportion  is> 
^j  R^W  or  S-  90°, 
T?  Sc.  of  the  Altitude  of  Gr  Cr//  5 
5^  ^  S.  of  the  V.  Ediptick  with  the  Meridian^ 
To  Sc.  of  the  r.  of  the  Ediptick  aad  Horizon 
{bught« 

PROP.    XXV. 

X;  j£f7i  /&i?  Amplitude  Ortive  of  the  AfcendoJtt^  . 

or  Hot ojc opus. 

This  is  the  Analogy  or  Proportion^ 

As  Radius  or  S.  90°, 

T(7.  S.  of  Altitude  6f  iM^i.  Cp//  j 

5(7  ^  T.  of  r.  Ediptick  with  the  Meridian^ 

To  Tc.  of  the  Amplitude  Ortive  cf  the  Afcen-- 

danty  or  the  Dijlartce  of  the  Azimuth  fronf  the 

Meridian. 

PROP. 
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PROP-   xxvi. 

To  find  the  Ajceniant  Degree  ^the  Eclipticky  or 
the  Cufpis  oftbefir/l  Uoufe. 

The  Amplitude  Ortive  of  the  A/ceniantj  is 
equal  to  the  Diftance  of  the  Azmutb  of  90% 
from  the  Meridian^  wherefore  the  Cufpis  of  the 
firft  Houje^  oxAfcendant  Degree oithtEcfiptick^ 
tDSty  be  found  thu^ : 

As  Radit^  or  S.  ^o"^  J 

To  Sc.  of  the  V.  Ecliptick  with  the  Meridian  5 
So  is  Tc.  of  the  Altitude  of  Med.  Ccsli^ 

To  T.  of  the  Diftance  of  Med.  Cali^  from  the 
Ajcendant  Degrees. 

PROP.    XXVIL 

^To find. the  Diftance  of  the  Cufpis  of  any  Houfe^ 

from  Med.  Ccelu 

This  is  the  Analogy  or  Proportion ^ 
As  Sc.  of  the  remaining  part  of  V.  of  the  Ecli- 
ptick "witii  t\it  Meridian  J  (found  by  Prop*  28.) 
To  Sc.  of  the  former  part  of  the  Vt^ 
So  is  T.  of  the  Altitude  of  Med.  Cce/iy 
To  T.  of  the  Diftance  of  the  Cufpis  of  that 
Houfe  fbughtj  from  Med.  Ge/i. 

PROP,  xxvnr. 

To  find  the  parts  cf  the  Anile  of  the  Ecliptick 
mth  the  Meridianj  cut  with  an  Arch  perptUr 
dicular  to  the  Circle  if  any  cf  the  Uoufes. 

The  Analogy  or  proportion  is^ 
As  Radius  or  S.  90% 

To 
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To  Sc,  Altitude  of  Mei.  Call,  §2. 

So  H  T.  of  the  Circle  of  any  Houfe  with  the 
Meridia/iy 

To  Tc.  of  that  part  of  that  Angle  which  is 
next  the  Meridian  : 

Then  fub(lra&  that  pa|[t  found^  out  of  the 
whole  Angle,  for  the  remaining  or  latter  part. 

PROP.    XXIX. 

« 

To  find  the  To/e^s  Altitude  above  any  of  the  Qrcles 

cfthe  Houfes. 

The  Analogy  or  Proportion  is. 

As  the  Raiit^  or  S.  90% 
.  To  S.  of  V.  of  the  Circle  of  the  Houfe  with 
the  Meridian  :  (found  by  the  2 1  Prop.) 

So  is  the  S.  ot  the  Po/e^s  Elevationy  above  the 
Horizon  of  the  Place, 

To  S.  of  the  Altitude  of  the  ?ole^  above  the 
Orcle  (fVcfition. 

■ 

PROP.    XXX. 

By  knomng  the  iMtitude  and  Longitude  qf  any 
■  fixed  Star^  to  find  bis  BJght  Afcer^fion  ondDe^^ 
clination* 

The  Analogy  or  Vroportion  is, 

I.  As  Radtus  or  S.  90% 

To  S.  of  the  Stars  Longitude  from  die  next 
EqutnoQial  Point  *^ 

So  is  Tc.  of  the  Stars  Latitude^ 

To  T.  oiz  fourth  Arch. 

Which  compared  with  the  Arch  ofDiffanca 
betwixt  d^  Poles  of  the  Wdrld  and  die  Ecliptick 

K  21% 
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^  1.  2;%  90':  And  if  the  Latitude  and  Lattgituie\£ 
the  5/i^  be  bot^  of  one  Dignity,  /•  e.  when  the 
Star  hath  North  Latitude  in  the  fix  Northern 
Sities^  r^  »,  n,  s,  a^  W,  or  South  Latitude 
in  the  fix  Southern  Sinesy  »*3,  '^  ^p  *®j  ^ : 
Then  Ihall  the  Difl^rence  between  this  found 
Arch^  and  the  Diftance  of  the  Poles  be  yoitf 
j^fe  Arch :  But  if  the  Latitude  and  Longitude 
of  the  5/tfr  be  of  contrary  Qudities,  /.  e.  the 
one  Northern  and  the  other  Southern  *,  then  add 
this  y^i^r/fc  ilr^fr  to  the  Diftance  of  the  Poles 
22|<»  30')  and  the  Sum  thereof  ihall  be  jour 
^th  Arcb-y  widi  which, 

AG  AIN  fayy 

£•  As  S.  oi  the  fourth  Archy 
To  S.  o( the JifthArcbi 
SohTl.  of  the  5/^^  Longitude^ 
To  T.  of  the  5/iirx  Right  Afcenfion  &cmnt  the 
next  EquinoSial  Point. 

?.  ilr  Sc.  of  ib^  fourth  Arch^ 
To  Sc.  of  th^JifthArchi 
So  is  S.  of  the  Stars  Latitude^ 
To  S.  of  the  Stars  Declination^ 

P^^f^  I  mirfit  alio  fliew  how  by  having  the 
Latitude  and  Lof^itude  c^any  two  fixed  Stars^ 
to  find  their  Diftance :  But  becaufe  'tis  the  very 
lame  with  finding  the  Diftance  of  any  two 
Places  on  Earth,  I  refer  you  to  the  Diredions 
of  Prop,  I,  2y  and  3,  of  Chi^.  7.  enfuii^  where 
you  wjU  lee  the  plamDeoidii&ation  thereof. 

PROP. 


I 
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PROP.    TS3J. 

fy  kutmng  the  ?oie*s  Mitude,  tejmi.  nbeit  aty 
fixed  SttrJhaU  be  due  Baft  or  Weft, 

This  is  the  Anal(fgy  or  ffoportlofiy 
As  Radius  or  S.  90% 
To  T.  of  the  Stars  DscHriationi 
So  H  TiC.  of  the  Po/ty 

T((7  Sc  of  the  Stars  Horary  Diftatce  fifom  the 
lAtridian. 

PROP.    XXXIL 

Pf  knaaif^  the  Pole's  Altitude^  to  find  the  E/e^ 
vatioM  cf  any  fixed  Star  abcoe  the  Uorizon^ 
icing  due  Eafl  or  Wefi. 

This  is  the  Analogy  ot  Proportion^ 
ilf  &  of  the  Pole's  Altitude y 
To  Radiuif  or  S.  ^o^  ^ 
Sois&  of  the  Stars  Declination^ 
To  S.  of  the  Stars  Elevation ^  abcnredie££:rit 
MMy  at dMEafiorWeft. 

PROP-  xixni. 

To  find  out  the  Horizontal  Parallax  cfthe  Moon. 

The  Analogy  or  Proportion. 

As  the  Moon's  Diftance  from  the  Onter  of  tfas 
Earthy 

To  the  Earth's  Semdiameter  \ 

So  is  Pjidius  or  S.  90"^) 

T^  S.  of  thft  Mootis  HorizontalPdrdOax  in  dat 
Diftaoce* 

Kd  PROP* 
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^  !•  

PRO  P.    XXXIV. 

JU  Horizontal  PataUax  of  the  Moon  being  kn(n»^^ 
to  find  her  Faralhx  in  any  apparent  Latitude^ 

This  is  tfa^  Analcgy  or  Proportion. 

As  Radius  or  S.  90**^ 

To  S.  of  the  Moon's  Altitude  5 

So  is  S.  of  the  Moon^s  Horizontal  FaraUax^ 

To  S.  of  the  Parallax  in  that  Altitude. 

PROP.    XXXV. 

By  knomng  the  Moons  Place  in  the  Ec/ipticX,   * 
(having  little  or  no  Latitude)  and  her  Parallax  * 
(f  Altitude:,  to  find  the  Parallaxes  cf  her  Lon- 
gitude and  Latitude. 

Firjtj  If  the  Moon  be  in  the  90°  of  the  EcSp- 
tick^  Ihe  hath  then  no  Parallax  of  Longitude^ 
and  the  Parallax  of  the  Latitude  is  the  very  Pa- 
rallax in  that  Altitude. 

Secondly  J  But  if  the  Moon  be  not  in  the  9otb 
Degree  ot  the  Ecliptick^  to  find  the  ParaBaxes 
of  the  Latitude  ail4  Longitude^  the  Analogy  or 
Proportion  is^ 

I.  As  Radi/ia  or  S.  90% 

To  T.  of  the  r.  of  the  Ecfiptlck  land  Horizon  s 

So  is  ^c.  of  the  Moon's  Dtftance  from  the  4/* 
cendant^  or  Defcendant  deg.  of  die  Ecliptick^ 

ToTc.  of  the  Ecliptic f^s  T,  with  the  Azimuth 
o£thtMoon. 

AGAIN 
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AG  A  IN  Jay, 

S.  As  the  Radius  or  S.  90% 

To  S.  of  thajc  K.  found; 

5^  ^  the  TaraUax  of  the  Mooiis  Altituie^ 

To  the  faraUax  of  her  Latitude  foJjght.' 

LilSTLr  fay,     ' 

f  .  As  the  Radius  or  S-  90*^  00', 

To  he*  of  the  former  V.  found  j 

So  is  the  Parattax  of  the  Moons  Allhuie^ 

To  the  ParalLuc  of  bis  Longitude  fought ^  whidi 

being  added  to  the  true  Motion;  of  the  Moon^  if    ^ 

ihe  be  on  the  Eafi  part  of  the  90°  oftheEc/iptick. 

Or  from  it  to  be  dedufted,  if  fl^ebe  cm  the  IV^eJl 

part  of  the  ^0°  of  the  Ediptick. 

PROP.    XXXVI. 

Haw  by  knofxnng  the  Refraffm  of  a  Star^  to  find 

b^  true  Attitude^ 

He  that  hath  any.  Knowledge  in  the  Diop- 
trie  As  or  the  Do£brine  of  rcfratted  Rays,  mutt 
needs  know  that  becaufe  of  the  Afmofpbere  or 
thick  vaporous  Air  that  furrounds  the  Earth,  all 
the  Qsleftial  Bodio,  bnit  particularly  the  Stars, 
muft  needs  appear  lugher  than  really  they  are : 
And  therefore  to  find  their  trute  Height,  I  have 
annexed  this  Table  of  Refractions  whid^  lerve 
fear  the  Stars  only,  calculated  by  Tycbtf  Brabf^  . 
,  a  Kobleman  of  Uetfmar/^  and  a  moll:  famous 
Afironomer. 

.   K  }  ATablo 
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\  Tabk  of  the  Rdra&on  of  the 

Stars  obferved  hy  Tycbc  Brahe. 
AItttude\  ^ra3iat. 


o" 
I 

2 

3 

4 
S 


go- 

CO' 

al 

30 

ij 

30 

13 

30 

II 

00 

10 

00 

. 


6 

7 
8 

10 


II 

12 

13 

14 


I 

5 


00 

IS 

45 

00 

30 


L 


16 

17 
18 

90 


5 

4 

4 
3 


00 

30 
00 
30 
00 


*i  .>i 


< 


2 
I 
o 

o 


30 

30 
00 


Die  UiE  of  niiidi  TABLE  u  this. 

Siq^pole  tbe  JUtttuie  of  a  5/tfr  were  £)Uod  byr 
pbiervation  to  be  13^}  the  correfpondeot  I^ 
jpraSffH  is  4'  00",  which  fubftrad^  from  X^^ 
lesTes  12%  56',  wfaicb  is  the  true  Altitude. 

CHAP. 


4  « 


n5 


CHAP,    yiL 
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SECT.    I. 

COsMOOiA^HY,  accarJDnji ti>  itsEtymo^ 
/qgVj  is  a  Defcription  of  the  vifib/e  Worlds 
keing aSdence  that  teoAes  the  Knowledge  <fthe 
BtruSure  or  frame  of  the  Univerfe  5  examning 
into  its  Figure^  Mt^mtude  and  Difpofition^  tvitb 
their  refpeHive  Di^ances\  Motions^  and  other 
fropentes.  b  ha$h  two  Branches^  Afironomcat 
Md  Geographical.    . 

The  Afironcmied  put  is  that  which  itiforin$ 
QS  of  the  DiftinQian  and  Divlfion  of  the  Heavens^ 
wd  of  die  Laws  and  Modems  of  the  Stars  and 
Planets,  without  fbme  previous  Knowledge  of 
which,  Get^ra^  cannot  be  well  underftood. 

Now  the  ben  Idea  we  can  have  oS  the  Figure 
gf  the  World  is,  that  it  is  a  Sphere  or  G/^ 
oompofed  of  the  four  Hements.  included  witfi* 
in  the  Heaven^  as  an  Egg  witnin  its  Shell;  in 
which  Sphere  each  Element  hath  a  Situatic»i 
moft  agreeable  to  its  Nature. 

The  Water  lefi  iblid)  and  (o  mwe  liquid  is 
above  die  Earth)  but  \r^  the  Decree  of  theO>9* 
tttPotent^  leaving'  certain  PlsMces  open  and  un- 
diicovered  fiir  the  Habitation  of  ULtnt  and  other 
£mfMlt. 

K  4  Thp 
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fji.  '  The  Air  more  rare  and  clej^  is  above  both, 
and  encompai|in^  them  on  all  part^* 

The  t/>'^  more  Tubtil,  light  and  agil,  is  above 
the  /i'lfy  and  encompalling  it  every  whei:e,  and 
is  neareft  to  the  Heaven. 

The  Heaven  oiFirmament  envirdfting  the  whole 
Bodjr  ot  Matter  unknown  to  us,  tranfparent,  cx- 
quifite,  incorruptible  and  unchangtable  \  whidi 
by  reafon  of  it5  Perfetlion,  perpetual  Motion, 
and  by  the  Ornament  ot  the  Stars  there  placed, 
91  j^y  be  termed  Divine  Matter. 

Now  each  particular  Element  hath  a  Quality 
predominant  in  it,  and  peculiarly  natural  to 
It;  as  the  Earth  is  dry.  Water-cold,  Air  hu- 
mid. Fire-hot. 

From  all  whidi,  how  ought  we  to  admire 
the  infinite  Wifdom  of  the  Great  God^  who  to 
preftrve  a  Concord  among  Contraries,  hath 

E laced  a  Moderator  between  two  different  Qua- 
ties,  of  whofe  Nature  both  the  one  and  the 
other  ftiould  participate :  For  that  between  the 
dry  and  the  moifi:  the  Cold  is  placed,  and  be- 
tween the  Cold  and  the  Hot  the  Humid? 

So  that  each  Element  favours  of  the  Quality 
of  its  Neighbouring  Element  ^  the  Earth  cold 
and  dry,  the  Water  cold  and  moift  the  Air 
hot  and  moift,  the  Fire  hot  and  dry. 

But  leaving  this,  wliich  is  more  the  Bufinefi 
of  a  Yhilofopher^  I  proceed  more  ftridkly  into 
the  Afbronomical  part  \  which  informs  us  of  the 
Defcription  of  the  Havens  and  Laws  of  tiie 
Stars  J  without  fome  previous  Knowledge  of 
which  (as  I  faid  before)  the  right  Under&nd- 
ing  of  Geography  cannot  be  attained:  For  we 
(:^nnot  comprehend  why*  in  one  place  the  Days 
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are  more  long  or  fhort  than  in  another,  and  in  '  §  !• 
ibme  Countries  equal  to  the  Ki^ht  \  and  whidi 
is  more  to  be  admir'd,  at  certam  Sealbns  e^ual 
throughout  the  World,  ai)4  why  the  Quahties 
of  the  Winds  are  different  according  to  the  va-* 
rious  Ppints  of  the  Compafs  from  whence  they 
proceed. 

And  firfl;  of  the  Heaven :  It  is  found  by  £x^ 

Serience  there  are  many  Heaven^,  one  inclu*^ 
ing  another,  and  by  Confequence  one  larger 
than  another,  in  Number  no  lefs  than  Ei^t\ 
of  which,  more  in  the  fi^Uowing  Difcourfe. 
Som^  are  of  Opinion  there  are  Jiine^  others 
Ten  b^inning  at  the  loweft,  according  to  th; 
Order  of  the  Seyen  Planets  or  wandringStars. 
The  Heayen  pf  the  Moon^  of  Mercury^  Venm^ 
the  Sun ^  oi'Marsj  Jutiter  and  Saturn  \  theHesfc* 
ven  where  the  fixed  Stars,  the  Twelve  Signs^ 
and  the  Poles  are :  And  lafily,  that  which  is 
called  die  Trimum  Mobite  and  Emperique  Hea* 
ven,  the  Principal  Habitation  of  God  *,  for  it  is 
laid  in  the  Serif  ture^  That  Hiopen  is  my  Seat^ 
tec. 

The  Heaven  whicb  environs  the  others  be- 
neath and  within  it,  carried  by  the  Motion  of 
the  Primum  Mobile^  moves  according  to  the  ap-  \ 

parent  Motion  or  the  Sun,  Moon. and  Stars^ 
which  is  from  Eaft  to  Weil,  as  is  very  evident 
firom  a  few  Hours  Obfervation  in  the  Day  and 
Might:  But  for  the  more  plain  Deicription  and 
Pivilion  of  this  Heaven  into  certain  parts,  ima^ 
gine  a  Globe  or  BaU  between  two  Fingers,  and 
that  I  caufe  it  to  turn  without  removing  niy 
Fingers,  would  you  not  allow  that  the'  two 

MiiuteCpiu^ufiaertlteFingerssreiawov 

that 
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^  I.  that  is  t(^  £17,  t1ie7  do  not  diauge  their  Mace^ 
Aiid  if  you  inake  a  Line  round  this  Ball  e^al^ 
\j  difbuit  from  thofe  two  immoveable  Points^ 
iMrill  not  the  Ball  then  be  divided  into  two 
equal  Parts  ?  Further,  if  when  that  iiB  done  you 
make  two  other  Lines  round  the  Ball,  the  one 
on  the  one  fide,  the  other  on  the  other  Side  of 
the  firft  Line  equally  diftant,  is  it  not  re^fbnr 
i^levto  (ay,  that  di^  Space  included  between 
the  two  laft  Lines  may  be  compared  to  a  Gir? 
dik  encompaifing  (Uch  6Iobe> 

Juft  ib  IS  the  Concept^n  to  be  made  of  thf 
Heavens :  The  two  immoveable  Points  are  the 
Poles,  the  one  called  the  y^rtick  or  North,  the 
other  the  Antarttck  oir  South  \  tlie  Line  divi? 
^ing  the  Glo^e  into  two  eaual  Parts,  ma3r  be 
called  the  M^uatar^  and  the  two  other  Lines 
^wn  on  each  fide  the  JEquator  may  be  term* 
cd  the  Trcpicks. 

And  the  Space  on  tlie  Globe  or  Ball  lietursen 
thofe  two  lait  Lines,  is  what  we  call  the  Torrid 
4?^w,  in  the  Limits  whereof  die  Sun  is  ever* 
more  confin'd,  every  Day  making  his  T^«^ 
round  the  World  from  the  Eaft  unto  tbe  Weft 
in  the  time  of  twenty  four  Hours  s  adtwidiir 
jSanding  which  Motion,  it  hath  anodier  Mo* 
tion  from  one  Tropidc  to  the  other,  and  if 
OODtrary  to  the  fermer  Motion,  and  Aerefiipe 
from  Weft  to  Eaft.  By  this  Motion  the  Suf 
finiflieth  his  Gourfe  in  one  Tear^  hence  wo? 
ceeds  the  Four  SeaJbns,  as  ihall  be  herduiec 
qienticmed.  fo  At  whole  Region  of  the  Son'Si 
Conrfe  rardy  or  never  any  Winds  but  the 
North  and  Baft  hkm  ^  whacfkr  &equeiat 
|%ower<  and  contaot  iBmuss  ua  Igi  mden 

thft 
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llie  Air  more  temperate  than  its  geoerall/  ^  u 
thought  to  be.  This  done,  let  there  he  drawn 
upon  the  Globe  or  Ball  two  Lines  round,  the 
one  between  one  of  the  Poles  and  one  ot'  the 
Tropicks  ^  and  the  other  between  the  other 
Pole  and  the  other  Trapick  of  the  Ike Diftance 
as  the  firft,  which  is  2;  Deg.  7  from  each  Pole$ 
in  fuch  manner^  that  befides  the  Torrid  Zom^ 
the  Globe  (hall  be  divided  into  four,  whidi 
with  the  Torrii  Zone  makes  up  five  Zones  : 
Whereof  the  two  next  the  Poles  dxe  frozen  and 
extreamly  cold,  the  Sun  never  gpins  bqrond 
the  Trojncks^  that  is  to  fay,  out  of  tne  Torrid 
Zone  towards  the  Poles. 

And  thofe  two  2^es  which  are  bebween  the 
frozen,  on  the  one  ftde,  and  the  other  of  tfai 
Torriiy  are  the  temperate  Zones  ^  under  whidi 
thofe  parts  of  the  Earth  are  moBi  coinmodious 
£>r  tbe  Habitation  of  living  Creatures :  For 
die  fame  Divifion  is  conceived  to  be  made 
on  the  Earth  as  was  in  the  Heaven. 

ThcreCbre  granting  there  are  five  like  Zonee' 
upon  the  J?iirr^  ^fewliidi  are  under  the  Cold 
fliall  be  cold,  thc^e  under  the  Temperate  tem- 
perate, and  diofe  under  the  Torrid  Zone^  ex- 
treamty  hot. 

It  is  alio  obfervable,  that  the  half  of  the  Globe 

fiom  the  iEguator  to  fte  Kordi  Pole  is  called 

Ae  North  Henufphere^  and  Ae  other  Moiety 

towards  the  South  is  called  the  Southern  Uennr 

fpkere. 

Having  divided  ^Sphere  into  five  Fitrts,  as 

patnrally  it  is,  it  remains  diat  the  other  ne- 

kxSkry  Circles  be  defcribed  ^  and  there  is  ft 

nincipal  cne  ia  the  ei^ith  ^hece,  which  jb 
T       .  moii 
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^  I,  rnore  demonftrable  upon  a  CcslefHal  Gbbe,  her 
fogfomewhat  difficult  to  be  comprehended  out 
1/  by  the  Imagination.  However,  it  is  a  Cir- 
cle as  large  as  one  of  the  Zones^  but  obliguelj 
fet  upon  the  Torrid  2one,  cutting  it  in  certain 
Places,  exceeding  the  Limits  of  tiie  Tropicks, 
andcrolTiiig  in  BfOf  (that  is,  obli^ely^  the 
Mquafcr:  And  this  is  what  we  call  the  Z^ 
iiacky  where  the  Twelve  Signs  are  ^  (b  called^ 
\>J  ceaibn  thofe  Signs  by  the  Poiition  of  die 
jStars  make  certain  Figures  of  Animafs^  and 
likewife  of  the  Temper  of  tliofe  Ammds  whole 
Karnes  they  bear.  This  Circle  is  divided  into 
twelve  Parts,  the  firft  whereof  i&  y  rtes  T^  the 
.  next  Taurm  ^,  Gembn  JI,  Omcer  ^,  l^eo  SI, 
Virgo  ^K,  Ubra  ei,  Scorpio  "l,  S^gittariu£  i^ 
Capruornm  ^y  Jquarius  a»,  Vifces  H. 

Kow  as  to  our  Ima^nat  ion,  a  Line  pailetfa  thro' 
tiie  Torrid  Zone  called  ^^Mquatary  £>  throu^ 
the  middle  of  the  Zodiadc  paiUetfa  a  Line  called 
theE^Z/p/^/^i^  :^Foar  that  when  the  Moon  is  in  Op- 
pofition  to  the  Sun  in  this  Line,  it  caufeth  an 
EcGpfee,  of  which,  more  in  the/ollowing  Dip 
courfe.  And  this  Line  ilever  exceeds  the  Bounds 
<rf  the  Tr.opicAsj .  there  are  other  ncccflary  Cir- 
cles, as  the  Horizon^  Meridiarij  Scd  which  fhall 
£e'de{cribed  before  the  end  of  this  Treati(& 
But  to  proceed  to  the  Pluetarjr  Orbs  or  Hea- 
T^ns.  * 

'  The  whole^  Heaven  of  the  Planets  turn  un- 
der the  Zodiack  from  the  Eaft  to  the  Weft, 
waking  the  Tour  of  the  World  in  the  S^ace  or 
-twenty  four  Hours  5  by  reafon  of  their  being 
carried  by  the  Motion  of  the  Pfimum  Mobilty 
and  this  Motion  is  called  9.  r^ii  Jj^tiod :  For 

thqr 
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Ifhey  have  a  contraij  Motion,  which  is  nata-    §  i. 
ral  to  them,  which  is  from  the  Weft  to  the  Eaft, 
which  they  continue  notwithftanding  the  other 
Motion,  as  we  have  akeady  laid  the  Sun  hath^ 
and  as  Experi^ce  ihews  us  ^  and  as  we  Ihall 
make  more  clear  by  the  Example  of  the  two 
moft  apparent  Planets,  viz.  the  Sun  and  the 
Moon. 
Mauifeft  it  is»  when  it  is  new  Moon,  fhe 
_  then  near  the  Sun,  Aat  fhe  pafleth  with 
him  towards  the  Weft^  according  to  the  rapid 
Motion,  making  her  Tour  in  twenty  four 
Hours  ^  and  proportionable  to  her  Increafe,  re- 
moves from  the  &in  towards  the  Eaft,  and  thus 
by  httle  and  little  gets  fo  far,  that  the  four- 
teenth Day  when  it  is  iuil  Moon,  fhe  is  in  the 
Eaft  at  the  time  of  Sun-fet,  which  is  made  by 
the  Motion  proper  and  natural  to  her.    By  this 
Motion  the  Planets  pais  through  all  the  Signs  of 
the  ZodiacA  one  after  another  ^  and  tho'  by  Ex- 
perience we  know  this  Motion  to  be  contrary 
to  the  firft,  it  is  no  wonder  that  for  divers 
Caufes  they  may  at  the  fame  time  have  divers 
Motions,  as  on  divers  other  Occafions :  For  if 
I  am  upon  the  Water  in  the  Forecaftle  of  a  Ship 
£iiling  to  the  Weft,  though  I  am  carried  with 
the  Ship  from  the  Eaft,  it  does  not  hinder  me 
to  w^lk  to  the  Stem  towards  the  Eaft :  So  that 
the  Planets  have  a  Motion  puroper,  which 
from  the  Weft  to  Ae  Eaft,  while  tl^y  are  ms 
king  the  Tour  of  the  World  ^  and  departing 
from  a  certain  Point  in  the  Zodiack,  in  a  cer- 
tain time  they  return  to  the  iame  Point  again : 
But  the  one  (boner  the  othcrr  later,  according 
to  the  Largeneis  of  the  Orbs  they  move  in,  or 

by 
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k\^  bf  the  Will  of  the  Goi  of  Wonders,  it  is  not 
*  therefore  without  Caufe  Aat  Dirvid  faid.  The 
Heavens  declare  the  Glcry  cf  God^  and  the 
firmament  (het^eth  hn  handy  Werk. 

It  18  alio  found  by  Exnerience,  that  the 
JAoon  which  is  in  the  lowerc  Sphere,  ahd  con« 
^uently  hath  a  leis  Circle  to  make,  finifheth 
her  G)urfe  in  twenty  eight  Days  \  Mercury  whidi 
is  above  her  in  eighty  ei^t  Days,  Venue  m  two 
hundred  and  twenty  five  Days,  the  Sim  in  three 
hundred  iixtyfiveDajTs  and  one  (garter,  Mart 
in  two  Years,  /i^p//^  in  twelve,  otf/z^rw  in  thir- 

\  and  the  Eighth  Heaven  in  thirty  iiz  tliou- 

md  Years;  that  is  to  iky,  every  hundred 
Years  one  D^ee. 

And  this  Difiference  of  Motion  among  the 
Planets,  one  advancing  £ifl:er  than  another,  is 
th^  Came  of  the  G)njunai6ns,  Oppofitions  and 
Aipeds  of  the  Planets,  which  vary  the  Difpofi- 
tion  of  the  Air :  And  firom  this  Diverfity  of 
Motion,  and  firom  their  Paflage  throagh  the 
twelve  Signs  in  the  Zodiack^  Prognofticatcrs  de- 
rive dieir  PrediSime  of  the  Difpofitions  of  Sea« 
fons  of  Heatj  Coldy  Rdn^  Storms^  Dearth^  or 
Sicknefs\  all  wfakh  would  be  tolerable,  cid 
iixey  not  intermeddle  with  what  depends  not 
upon  the  Influences  of  the  Stars.  But  as  to  that 
part  which  is  called  Judiciary^  in  regard  it  re« 
quires  an  ezadt  Supputaticm  of  Degrees,  Hours, 
and  Minute^  being  not  neceflary  to  fuch  as  are 
cmploy'd  in  Matters  of  great  Moment,  we 
leave  it  to  the  Learned,  who  profefs  it,  and 
content  our  felves  with  their  Ephemerides.  a 
Work  almoft  I>ivine :  And  it  is  fufficient  Oc- 
cafion  fiir  us  to  admire  the  wonderfiil  Worln 
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tH  KNX  Oreator  \  how  that  by  the  Cotirft  of  tht  §  !• 
Sun  in  the  Zoiiack  is  caufed  the  focur  Seaiou 
in  the  Year^  viz.  Springy  Summer^  Adtumn^ 
Winter  •,  and  how  that  by  the  fame  Courie  tte 
Moon  increaleth  and  deaeafeth,  and  bow  the 
Eclipfes  both  of  the  one  and  the  other  doth  hap- 
t)en.  ]\/bf€s  in  his  Acc:ount  of  the  Creation  of  the 
Wwld,  mentions  only  ^fe  two  Ijtminaries 
which  he  calls  the  greater  and  the  kfller 
light. 

So  that  the  Son  by  its  proper  Motion  fini(b> 
cth  its  G)urfe  in  the  Zodiack  in  one  Tear,  ot 
three  hundred  fiity  five  Days  and  one  Quar- 
ter, and  when  he  enters  into  the  Sign  Arie^^ 
wluch  is  part  of  the  MquatoTy  then  it  is  the  be-^  ^ 
ginning  of  Spring  *,  ana  palCne  through  Taurm 
and  Gemini  J  draws  near  to  the  Point  which  is 
thehighefl,  from  us  called  D;7^^,  which  is  that 
Point  or  Part  through  which  pafleth  the  Sum- 
mer Tropick :  And  being  there  the  hidieft,  and 
confequently  the  fttongeft,  it  cauieth  ^eat 
Heat  and  long  Days*,  of  which  more  when  I 
come  to  the  Defcription  of  the  Horizon.  And 
continuing  from  Cancer  throu^  Leo  and  Vifgo^  ^ 

he  paifeth  into  Ubra^  which  is  the  other  Sign 
aniwerable  to  Aries  in  the  ^qudtor^  and  then 
begins  Autumn^  being  near  about  the  middle 
<if  September^  and  firom  Vbra  through  Scorpio 
tod  Si^ittarim  enters  into  Capricorn^  through  /*  .  / 
the  bttinning  whereof  pafleth  the  Nofthem  ^J^vf^^ 
TrcpicKi  And  then  begins  Winter ^  which  con- 
tinues till  he  be  got  tlm}ugh  Aquarius  and 
Vifces^  and  then  he  comes  a^fn  ixAo  Jries\ 
fifom  whence  he  fets  out,  continuing  conffaurt^ 
Ijrthefiune  Courie,  whic^he  fituiheth,  ashatb 

been 


144  Of  Cofmography. 

\  I.  been  already*  faid^  in  one  Year :  And  Aftrono-^ 
mers  have  tound  by  long  Experience,  that  in 
one  Year  there  are  three  hundred  fiity  five 
Revolutions,  and  one  Quarter  of  the  rapid 
Motion  of  the  firft  Heaven,  which  are  fb  ma- 
ny Days :  For  we  call  that  Space  of  time  a  na- 
.  tural  Day,  which  is  between  the  rifing  of  the 
^\M\  and  the  fucceeding  rifing  of  the  Sun,  at 
from  one  Nooa  to  the  Noon  following  ^  and 
from  this  Quart er,  which  is  fix  Hours,  is  made 
one  Day  every  fourth  Year,  that  the  Account 
of  the  Year  might  agree  with  the  Courfe  of 
the  Sun,  This  is  attributed  to  Cdsfar  the  ViiU(t' 
tor  ^  but  in  Reality,  a  Tropical  Year  is  not 
three  hundred  fixty  five  Days  and  fix  Hours, 
init  five  Hours  and  forty  nine  Minutes :  So 
that  every  Year  there  is  wanting  eleven  Mi- 
nutes to  make  up  the  fix  Hours. 

Note,  The  Obfervation  of  Cc^Iefiial  Bodies 
are  the  fureft  Marks  and  Mea/ures  of  Time. 

The  Moon  alfo  goes  on  in  the  fame  Courfe 
through  the  twelve  S'gns  in  the  Zodiack,  with- 
out making  Diftindtion  of  Seafbns^  but  in  ma* 
king  that  Courfe,  ihe  (hews  her  felf  to  us  in 
four  difierent  Shapes  or  Forms  :  For  being  un- 
.  der  the  Sun  in  the  fame  Sign,  which  Sign  ever 
it  is^  (he  is  called  New  ^  and  making  ht  r  Pro- 
greis  towards  the  Eaft  in  the  Space  of  eight  and 
twenty  Days,  in  feven  Days  time  (he  pafleth 
through  three  Signs  of  the  Zodiack^  and  there- 
fore is  removed  from  the  Sun  the  fourth  part 
of  the  Zodiack^  and  then  it  is  increafing :  And 
when  removed  from  the  Sun  fix  Signs,  that  ig 
to  fay  half  the  Zodiack^  fhe  is  in  the  ^11,  and 

it  in  the  Eaft  at  the  yery  H0ur  the  Sun  fetsx 
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and.  palling  farther,  when  Ihe  hath  gone  §  i. 
through  three  parts  of  the  Zodiack^  which  is 
Kine  Signs,  then  fhe  appears  to  be  in  her  De- 
creafe,  or  Laft  (garter :  And  when  (he  hath 
pailed  ^ough  w&  Twelve  Signs,  and  comes 
again  under  the  Sun,  fhe  is  then  again  at 
K^  :  And  this  is  her  perpetual  and  confiant 
Courfe. 

To  the  more  pUin  nnderftanding  how  that,* 
in  her  Courfe,  ner  Gearnels  £ncrea(eth  and 
Decreaieth  ;  finl  con£der.  That  thi^  Moon  is  a 
Bodj  Roundj  Opaque  and  Globical  ^  that  is  to 
lay,  not  Tranfparent,  borrowing  her  Light 
from  the  Sunj  which,  \>j  reafbn  of  the  Round- 
nefi  and  Opacity  of  the  Moon^  cannot  Illumi- 
nate her  on  everjr  Side  ^  became  all  Rays  of  ' 
light  proceed  in  a  dired  Line  :  Infbmuc]),  as 
hadi  been  already  (hewn,  when  fhe  h  in  Con- 
jundion  with  the  Sun^  vre  fee  nothing  of  her 
Cleamefs  \  in  regard  ^tSun  being  higner  than 
her,  and  he  Illuminating  die  Upper-part  only : 
For  her  Body  beujue  Round,  and  not  Tranfpa- 
rent,  the  Sun  can  luuminate  no  more  than  one 
half  thereof,  or  fbmething  more ;  and  there- 
fore then  we  fee  not  any  tmng  of  her  Clearne^ : 
But  removing  from  die  Sua^  that  half  which 
was  illuminated  begins  to  appear  on  the  Weft* 
part  thereof,  die^  Moon  tending  towards  the 
£aft :  And  this  is  wimt  we  call  Encreafing^ 
with  regard  to  us,  in  proportion  to  her  I^fianGe 
frcMn  iStSun  \  andwnen  removed  the Difiance 
of  the  half  of  Heaven,  we  fee  the  whole  part 
which  the  Sun  illuminates  \  and  thence  ap- 
proaching the  Sun  on  the  other  £fde,  fhe  feems  . 
to  Dimimfb,  becaufe  ^  Shining-part  feems  to 

L  turn 
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^  J.  turn  its  Countenance,  and,  in  ^o]portion  to 
her  drawing  near  to  the  Sun^  we  are  deprived 
of  the  fight  of  that  Cleamefs.  And,  as  hath 
been  akeady  faid,  in  divers  times  all  the  otheir 
Planets  do  the  lame  5  fave  only,  that  we  fan- 
not  fo  fenlibly  oblerye  either  the  Diminution 
or  Augfnentation  of  their  Light :  And,  by  meana 
of  the  Divcrfity  of  their  Motions,  with  th& 
Sign  wherein  Aey  are,  it  happens  that  their 
Influences,  to  which  inferiourBoidies  are  fubjed; 
are^diverfe,  and  at  the  time  of  our  Birth  hath 
imprdded  in  us  various  polities  and  Temr 
^raments. 

Now  it  fbmetimes  happens  that  thofe  two 
Great  Lumnaries  are  derived  of  their  Light  y 
the  Moon  limply;  the  oun  only  in  appearance 
to  us,  which  IS  calVd  an  Ec/ipfe., 

As  to  the  Sun^  his  Clearndfs  is  always  after 
the  feme  maimer,  not  fubje£t  to  any  Viciffi- 
tude.  Alteration^  or  Change.  The  Eclipfe  of 
the  Sun  is  when  the  Moon  is  Diametrically 
cx)njoin'd  to  the  Sun,  both  heing  in  the  Ec/ip- 
tick'Une^  which  cannot  happen  but  when  fee 
is  at  New  2  And  by  realbn  of  the  Opacity  and 
Obfcurity  of  the  Body  of  the  Moony  which 
cannot  be  penetrated  by  the  Light  of  the  Sun^ 
it  obftrudb  our  view  of  the  Whole  or  Part  of  the 
Body  of  the  iSj;^;/. 

An  Eclipfe  of  die  Moon^  may  "be  either  Total 
or  Univtrfal,  and  diat  for  divers  Reafons  :  To 
the  more  edie  underftanding  whereof,  let  ns 
prefuppoft,  that  the  Sun  making  its  ordinary 
Tour  with  the  Heavens  round  the  World,  drives 
the  Shadow  of  the  Earth  into  the  contrary 
Part :   So  that  the  Ni^t  is  nothing  elie  but 

the 
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tiieSbadovir  of  the  Earth ;  and  this  Shadcmr  dius  §  i. 
turning)  growing  narrow  towards  the  Heaven, 
not  in  the  Form  of  a  Column^  but  in  a  Round 
tvramA^  and  rifes  up  to  a  part  of  the  Heavens, 
aoove  the  JL^v^r-Heaven :  And^  as  hath  al« 
ready  been  affirm'd,  that  there  is  never  an/ 
Edipfe  of  the  Sun^  but  when  the  Mom  is  at 
New  ;  fb  there  can  be  no  Eclipfe  of  the  Moon^ 
but  when  flie  is  in  the  Full  For  while  the  ilWff 
doth  traverie  the  Point  of theShadow  of  the  Earthy 
to  us  (he  is  not  vifible  during  fbme  ipace  of  time, 
ibmetimes  more,  fbmetimes  lefs,  according  as  by 
herCourieihepailetb  through  a  broader  ornar* 
rower  quantity  of  the  Shadow  of  the  Earth  \ 
yet  this  doth  not  always  happen,  although 
every  Fourteen  Days  ihe  is  at  Full^  and  in 
Oppofition  to  the  Sun^  being  then  half  tha 
Heavens  diftance  from  Him  \  yet  fhe  is  not 
exadly  Diametrically  oppofite^tbat  being  only 
when  both  are  in  C^>poution  to  eadi  other  ia 
the  EcRptick-Uney  or  very  near :  For  fhe  is 
not  in  the  Ec/iprick  more  than  twice  every  Re 
irohition)  as  the  Sun  is  not  in  the  JEquatar 
more  than  twice  in  its  Annual  Courie. 

The  Body  of  the  Sun  is  modi  greater 
than  die  Earthy  as  is  manifeft  from  the  follow- 
ing Reafoo.  is  an  Op^e  or  Dark  Body,  op* 
pofite  to  an  Illmninated  Body,  be  greater  than 
the  lUufflinated  Body,  it  makes  an  infinite 
Shadow  ^  that  is  to  f^y,  which  terminates  nch 
where,  but  the  more  remote,  the  greater  :  M 
the  Ynlgar  Experience  of  thole  who  take  Birds 
in  die  N^t  dod>  plainly  fhew,  when  they 
cany  a  Candle  bdund  an  Objea  mudi  bigger 
tlian  that  Candle.  And  on  die  cbntxary,  wbea 
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§  J.  an  niumiuated  Body  is  greater  dian  the  Dark 
Bodjr  which  is  oppofite  to  it,  the  Shadow  will 
terminate  in  a  i:ertain  Point,  and  fhall  go  on 
until  fuch  time  as  the  Rays,  which  proceed  from 
the  Illuminated  Body,  ailemble  and  fet  bounds 
to  the  Shadow.  This  is  fo  agreeable  taReafbn, 
that  it  needs  no  odier  Demonflration. 

It  hath  been  here  affirmed,  That  the  Shadow 
of  the  Earth  fhuns  the  Sun,  and  extends  it  felf 
on  the  fide  contrary  to  him  :  If  the  Earth 
were  greater^ than  tlie  Body  of  the  Sun, 
the  Shadow  of  the  Earth  ( which  would 
be  much  horger)  every  Full-Moon,  would 
Eclipfe  the  Moon,  which  wouM  endure  fomc 
Days  both  before  and  after  $  and  this  Sha* 
dow,  by  the  fame  reafon,  wou'd  darken  all 
the  Fixed  and  Wandring-Stars  which  ihou'd  be 
oppofite  to  the  Sun.  And  yet  we  fee,  that  the 
Shadow  does  not  obfcure  any  of  the  Stars, 
and  but  fometimes  cau&th  an  Eclipfe  of  the 
Moon.  It  may  therrfore  be  necefTarily  con- 
cluded. That  although  this  Shadow  reachetfa 
"^  the  Heaven  of  the  Moon,  it  reaches  no  farther, 
and  moreover,  that  it  terminates  in  a  Pyramid ) 
the  Rays  of  the  Sun,  who  is  greater  than  the 
Earth,  aflembling  round  the  Shadow^ 

Briefly  to  Conclude  concerning  the  Magni- 
tdide  of  the  Sun.  Since  the  Shadow  of  the 
Earth  teirnunates  in  fbme  certain  Place,  and 
that  it  rifes  growing  narrow  at  the  end  ^  it 
mufk  be  clear  to  a  Rational  Creature,  That  tfie 
Sun^  which  is  an  lUummated  Body,  is  larger 
than  the  Earth  :  For  otherwife  the  Rays  could 
not  re-unite,  and  terminate  the  Shade  of  the 
Body  of  the  Earth. 

Hitherto 
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HiAerto  we  have  only  defcribed  the  Sphere^  §  i. 
tliat  is  to  fay,  the  Number  of  the  Heavens,  and 
Ihewn  their  Motions,  and  on  what  Side  they 
turn^-  and  in  how  long  Time  :  We  have  like- 
wife  divided  them  into  certain  Parts,  which 
are  calVd  Zoxes^  fpeaking  of  their  Qualities 
and  Temperaments,  and  by  which  Zo/ies  the 
F/anets  move,  and  the  reafon  of  certain  Accir 
dents-  to  them.  And  now  that  from  thenc§ 
fome  firuit  may  be  drawn,  to  the  better  under- 
ftandin^  of  the  Defaription  of  the  Earthy  for 
that  all  this  Divifioa  of  the  Heaven  fhould  have 
place  in  the  Defcription  of  the  Earth,  we  muft 
imagine,  that  the  lame  Circles  have  place  upon 
the  Terrelirial  GlohCj  Aat  it  may  be  better  un- 
derftood  what  Fart  of  the  Earth  correfponds 
to  each  Zone.  By  which  means,  with  the  help 
of  MapSj  it  may  eaiily  be  known,  who  thole 
are  that  inhabit  mdTorrid^Temperatej  or  Frozen^ 
Zones^  and  the  reafon  why  it  is  more  Cold  or 
Hot  m  one  Place  than  another,  and  what  is 
nearer,  or  more  remote,  from  the  Eafi^  W'eft^ 
Souths  or  North :  Which  could  not  be  well 
underftood,  without  a  precedent  Defcription  of 
the  Heavens. 

To  the  better  underftandinff  why  the  Days 
in  one  Climate  are  Longer  than  in  another,  * 
and  why  under  the  JEquator  they  are  always 
Equal  to  the  Nights,  and  that  in  Mtirch  and 
September^  th^  are  Equal  throughout  the  World, 
we  muft  necefmrily  fpeak  of  the  Horizon. 

We  muft  imagin  the  Horizon^  or  Limiter 
of  our  Sight,  to  be  a  Circle  in  the  Sphere  of 
the  World :  The  JLir;/rx  call  it  Qrcu/usDhidenf^ 
htcsLuk  it  Divides  the  Sphare  into  Two  Equal 

hi  *       Parts,^ 


1 5  o  Of  Cofmqgrapby. 

§  X.  Part9^  but  not  like  the  others  before-mentiop^d ; 
And  you  are  to  preiiippofe,  that  in  whatever 
Place  you  are,  efpecially  upon  a  Hill  or  Moun^ 
tain,  caftiiig  your  Eye  round,  ypu  fee  the 
Half  of  the  Heaven.  So  tfa^t  the  Horizon  h 
an  Imaginary  Circle,  Whidi  Divide^  the  Whole 
Heaven  into  Two  Equal  Parts  ^  that  is  to  fayt 
that  which  we  do  fee,  from  what  is  pot  ieea 
by  us* 

Confidering  then  a  mgbtSphtre  ^  Soppoie 
we  are  in  fome  Part  of  the  World  under  the 
TorriA-ZonCy  and  direfUy  mider  the  JEquator^ 
fo  diat  the  Mquator  being  equally  diftant  firom 
the  ?(klex^  the  South  and  North-Poles  nuy  be 
leen  by  us,  and  amfequently  within  our  Ho^ 
rizon  ^  that  is  to  lay,  at  that  proper  Place 
that  fqparates  that  Part  of  tbe  Heaven  ^iriiidh 
we  lee,  aitd  is  above  us,  from  that  Part  of  the 
Heavens  which  is  below  us,  ana  which  is  not 
ieenbyus,  in  diat  manner  which  we  bdx>ld 
the  Sun^  which  in  the  Morning,  at  its  Ri£ng. 
enters  mto  our  HoriiQon  :    iGid  the  Line  of 
CircumferoKe  which  we  may  imagine  to  be 
in  th^t  Separation  of  the  two  Moieties  of  Hea^* 
yen,  is  diat  we  ca}l  the  Horizon. 

We  may  therefore  £iy.  That  being  under 
the  Mquator  J  the  Poles  woold  be  under  onf 
^orizon^  and  that  the  Son  continues  diere  the 
^ce  or  Twelve  Hours,  fer  that  it  ws^^jcs  the 
^hole  Circk  of  the  World  in  Twenty  fear 
Hours:  And  thence  it  is  manifeft,  tiaat  Ae 
Days  ^re  Equal  to  theKi^^  ai^  that  at 
^oo»-tide,  the  Sun  being  in  the  JEguatcr^  B» 
diey  perpendicular  to  Uie  Horizon  have  no 
j^badow;  And  fo  it  is  with  tfaoTe  Pecfbns  inha- 
'  '  ' '     *  (xitixig 
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biting  that  part  of  the  Globe,  having  tiia  San     §  i. 
diveStij  over  their  Heads,  that  is,  in  their 
Zcmth. 

Now  removing  out  ofth^JEquator^  this 
Horizon  will  (hew  us,  hj  the  Elevation  of  the 
Pole,  how  much  our  Zenith  is  diftant  from 
the  JEquator :  And^  on  the  contrary,  by  the 
Diftance  from  the  JEquator  to  our  Zenith^  vrt 
fhall  know  the  Heif;ht  of  the  Pole  above  our 
Jdorizon.  And  in  regard  more  than  Half  the 
Heaven  cannot  be  feen  by  us,  the  Bulk  of  the 
Earth  obftru£tuig  our  View,  and  that  being 
under  the  JEquator^  om  Zenith  is  in  the  Mqua* 
tor  \  and  by  this  means  we  fee  the  Poles  on 
one  fide  and  the  other  of  the  Horizon  \  it  cannot 
be  otherwife,  but  that  departing  from  th^  Hori- 
xon  (bme  remarkabk  fpace  Northward,  but  that 
our  Zenith  changeth  equally  \  and  fb  much  our 
Sight  gaineth  towards  die  North,  and  lofeth 
Cowards  the  South  ^  andhereby  we  lofe  the  fight 
of  the  South-Pole,  and  elevate  the  North-Pole 
above  our  Horizon :  And  this  is  call'd  an 
Qbfique-Sphere^  in  regard  it  feems  to  lean  ofk 
one  fide. 

Put  the  cafe  that  we  are  in  the  Middle  of 
theTenH^erate-Zone,  we  fhall  find,  by  the  Way 
winch  tne  Sun  fhall  make  in  our  Horizon,  that 
Matters  will  fbon  be  changed :  For  the  Dap 
diere  will  be  E^l  to  the  Nights  but  twice  in 
the  Tear,  xriz.  m  March  and  September*  ^  and 
the  remaimng  part  they  will  be  always  Un* 
equal,  as  in  the  beginnii^  c£  Winter  msv  aro 
Short,  in  the  begmnin^  dtS turner  very  long ; 
and  that  Bodies  at  Mid-day  fhall  always  oiSl 
f  Sia^.    Vhidi  Things  canno(  be  under- 

L  4  ftood^ 
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§  J.    flood,  without  underfbpding  the  Nature 
the  Horizon  •,  Mrliich  camiot*  well  be  compre- 
hended  without  fome  luUxuftion    upon  th^ 
Clobe. 

Tajcp  therefore  a  Terreftrial-Globe  whereqi| 
there  i$  a  moveable  Circle  for  tlie  Uori^on^  and 
t  will  declare  the  Realbn  of  what  (hal)  h^ppep, 
placing  the  Circle  where  it  ought  to  be  fot 
thofe  who  inhabit  in  th^  Middle  of  the  North-, 
Temperate-Clifnate^   a?   thofe  who    inhabit  in 
Trance^  you  will  find,  th^t  ^  much  as  the.Pi;& 
ihall  be  elevated  above  the  Horizon^  fb  much 
their  Zenith  fball  be  diftant  trqm  the  Mquator- 
And  that  all  the  Lines  which  th^  Sun  defcribes 
gbove  the  Horizon,   by  his  Diurnal  Motion^ 
Ihall  be  Uiieqvial,  except  it  be  when  the  Sun  19 
in  tbe  JEquator^  and  that  the  Shortefl  Line  of 
V  all  U  the  Southem-Tropick^  which  we  have  al- 
ready faid  to  be  the  entrance  into  Cdpricam^ 
and  the  beginning  of  Winter  ^  and  the  Longeil 
Line  of  the  NortJyern'Trcfick^  whi^j)  is  the 
entrance  of  the  Sun  into  Cancer^  .and  the  begm- 
ning  of  Summer. 

And  when  the  Days  are  £<}ual  to  the  Kightsi^ 
in  thie  Middle  of  the  Temperate-Zone,  the  Sun 
is  in  the  Mquatar  ^  whjpi  is  wonderful :  TIb) 
reafbn  is,  for  that  although  the  Horizon  rifes 
pr  fells  with  regard  to  the  Poles,  it  notwitb- 
ftanding  cuts  the  Mquator  in  Equal  Parts  j 
^r  all  the  Circles  which  divide  a  Globe  intq 
Equal  Parts,  whether  thqr  cut  thrai  Obliquely, 
or  at  Rigjit- Angles,  they  can  no  other  way 
jnterfea  but  in  5fual  Parts.  Now  the  know- 
}ng  how  much  our  Zenith  is  diftant  from  die 
jEquqfor^  ip  the  knpwing  how  nijidi  qur  Splicrf 

.'••*■     ^  IS 
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1^  OUique  \  which  the  Afirolabe  Ihews  us  in  §  i, 
two  xnannerS)  addrjeiCng  our  felves  to  the  Pole 
elevated  above  thp  Horizon,  or  to  the  Sun  at 
the  Hour  of  Noon,^  adding  or  diminiihing  acr 
cording  to  its  Decimation.  To  the  underfrandr 
ing  wher^f,  there  will  be  Ibme  occaiion  of 
Experience  \  which  will  not  be  difficulty  aftec 
io  (hort  and  eaiie  a  Declaration. 

The  Keafbn  is.  The  Inhabitants  under  the 
Pole  have  the  Mquator  for  their  Horizon  ^  and 
bence  it  is  that  the  half  of  the  Zodiack  always 
appears  to  them  above  the  Horizon  :  And 
therefore  fuch  as  inhabit  under  the  Artick-foU 
fee  the  Sun  from  the  Month  of  March  to  the 
Month  f£  September^  and  the  other  Six  Mon^ 
it  is  out  of  their  ii^t ;  as  more  evidently  may 
()e  donouffarated  either  by  a  Copieftia/  or  T^rre- 
Jtrial  Globe.  For  you  will  find,  if  the  JEquator 
be  the  Horizon^wt  camiot  fee  the  Sun  but  when 
it  is  above  tlie  Horizon*  The  Lice  in  the  othec 
Hemifphere  ^  whence  thofe  that  inhabit  under 
^ther  Poky  their  Whole  Year  i$  but  One  Day 
and  Night. 

The  Antipodes  ajre  thofe  whole  Feet  ( the 
Earth  interpofing  )  are  oppoitte  to  ours  :  The 
Inhabitants  under  the  AntartickrPole^  are  the 
J^tifodes  to  thofe  under  the  Artick. 

InAnfwer  to  a  Vul^  Scruple.  There  is 
no  more  Danger  of  Fallmg  Down,  dian  that 
the  Earth  fhould  be  deprived  of  its  Katura] 
Situation  :  The  Havens  encompafs  the  Earthy 
and  our  Bodies  being  Terrefirial,  they  adhere 
to  the  Earth  ^r  all  things  of  Ponderofity  tend 
downwards  ^  as  a  Bullet  forced  up  perpendicu* 

jarlyMJiJucb,  notwithfi^qding  tjb^  Y jc^e  of 
^^^'  '    "  the 
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§  1^  the  Powjder,  at  length  tends  to  the  Centre  of 
the  Earth-  And  though  the  Air,  by  reafon 
of  its  Rarity,  yidds  to  any  violent  Motion^ 
it  is  not  a  Comequenc(^  that  it  fhould  give 
plaoe  to  the  Globe  of  the  Earth  $  for  eadi  Eler 
ment  preferves  its  Station  entirely,  and  can  be ' 
in  no  other  Place  \  io  that  it  yields  to  no  other 
Element,  either  in  general  or  particular,  with- 
out feme  Force  •,  as  may  be  proved  by  the 
Air,  which  thoush  it  be  moveable,  dotti  ali» 
ways  more  or  lels  refill  any  other  Body  :  Ex? 
perimented  by  any  who  run  againft  the  Wind ; 
and  hTcewife  by  that  x)f  an  empty  Veffers  be- 
'  iiig  pkmg'd  in  Water,  which  being  fiill  of  Air, 
(for  there  is  no  Vacuity  in  Nature)  and  ha« 
ring  a  narrow  Mouth,  the  Water,  the  Element 
of  more  gravity,  tmding  downwards,  to  poflef^ 
its  natural  ftation,  the  Air  Tallies  out,  and  the 
C^pofition  between  them,  puts  the  Water  into 
;i  violent  Motion,  with  feme  Noife. 

The  Natural  Caufe  of  the  Earth's  conr 
timiing  to  be  the  Centra  of  the  World,  is  .it^ 
Gravity  ^  from  which  ftation  it  naturally  can? 
not  be  removed  \  for  then,  contrary  to  its  Na? 
ture,  it  (hould  afeend. 

All  Ponderous  things  tend  to  the  Centre  of 
die  Earth  :  And  it  is  demonfirable,  that  if  a 
Hole  were  made  in  die  Earth  from  one  part 
to  the  other,  and  feme  weighty .  thing,  as  a 
Leaden^BuUet,  (hould  fall  into  that  perforated 
i)art,  it  would  have  its  Motion  no  farther  tfaaii 
f he  Centre,  not  beyond  it,  fer  then  it  would 
fifcend. 

But  to  return  to  the  Antipodes.  The  Anti'- 
poi€$  are  thufe  who  are  diasDCtrijcally  oppofte 

to 
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to  xxf^  and  diftant  from  us  one  half  of  the  Ter*  ,§  |, 
Ki^ial-Globe*  lmagii)ie  then  a  Line  pafliiig 
fromow Zenith  through  our  Headland  through 
die  Centre  of  the  Barm  to  the  othejr  fide  :  The 
Point  where  this  Line  goes  out  at  is  the  Aitti^ 
'podcf.  So  that  to  find  this  upon  the  Terre* 
^ial-Globe,  firfi  obferve  in  what  ParaBe/^  that 
is  to  iky y  what  Diftance  from  the  JEquaior  we 
^re,  and  then  oblerving  where  the  Meridian 
dodi  crois  the  FaraUely  which  anfwers  to  ours 
in  the  other  Hemifpherc^  under  our  Horizon^ 
and  in  that  Part  mall  be  the  A/ttipodes.  But 
this  is  common.  And  thus  70U  will  find  that 
jdie^  are  contrary  to  us  $  when  it  is  Day  with 
than,  it  will  be  Midit  with  us  \  Winter  with 
them.  Summer  wim  us^^  wheA  the  Days  are 
Siort  Mrith  them,  tfae]r  are  Long  with  us ; 
And  fiill  they  have  dieir  Seafbns  alter  the  fame 
pnanner  as  we  have  ours  s  becaufe  being  in  the 
lame  FaraOel  with  us^  th^  are  as  much  diflant 
j&om  the  JEquator  as  we  are. 

Thus  mudi  of  Cos  itcooa  apry,  Iq 
neceflary  to  the  due  underftanding  of 
Gbooraphy. 


S  E  C  T.   n. 

of  GEOGRAPHT,  witk its  DtGai-^ 
tions,  &c. 

GEoGKAPRY  h  M  Art  Mathematical^    § tl 
which  Jhevoeth^  bow  the  Situation  of  King- 
doms, Provinces,    Cities,    Towns,   Villages, 

f  ort^  Cafileq,  Moniltains,  Woodii^  Havens^ 

Rivers, 


J      4' «        V 
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§  2,  Rivers,  Creeks,  f^c.  being  on  the  Surface  cf 
t))e  Terrejirial-Globej  may  be  De/cribed^  and 
Dejignedj  m  Commenfurnion  analogical  to  'Nature 
and  Verity^  and  moft  aptly  to  our  View  may  be 
Reprefented ;  That  isy  It  is  a  Defcription  cf  all 
the  known  Earthy*  imitated  by  Writing  and 
Delineation  j  with  all  other  things  belonging 
thereunto. 

I  {hall  not  here  inlift  on  the  Names  and 
Defcription  of  iC/V?fi<7fflfx,  fraoinces^  Cities  ^Vil- 
lages ^  8ciQ.  nor  of  their  Manners^  Cuftoms^  Lawsy 
Commodities^  tec  but  fliall  only  give  you  fome 
general  Definitions  of  the  Diftindion  and  De- 
Bomination  of  feveral  Parts  of  the  Earth  and 
Water,  with  fcme  Problems  for  finding  the  Di- 
fiance  of  any  two  Places  on  the  Terreftrial-Globe. 

DEFINITIONS. 

1.  The  Globe  of  the  Earthy  is  a  Spherical 
Body,  composM  of  Eartl^  and  TVater,  and  is 
divided  into  Continent Sy  ijlands  and  Seas. 

?•  AContinenty  is  a  great  quantity  of  Land 
not  feparated^  interlaced  or  divided  by  theSea, 
wherein  are  Kingdoms^  Principalities  and  Ntty 
tions ^a^EuROPE,  Asia  and  Af r i c A,are 
one  Continent  ^  and  America  is  another* 

9*  An  IJlandy  is  fuch  a  Part  of  the  Earth  that 
is  environed  round  with  Water  on  every  fide  j 
as  the  Ifle  of  Gtfeat-Britainy  Jauay^  Wigjoty  &p, 

4.  A  Peninjula^  is  fuch  a  Tra£t  of  Land  which 
being  almofl:  cut  off  from  the  Main-Land,  and 
6ncompafled  round  with  Water,  yet  nevertbe- 
lefs  is  joined  unto  the  firm  Land,  by  fbme  little 
Jfthmus  I  as  FeloponnefuiSy  Peruviana^  Tduri(4^ 
Cymtricay  and  Mcre^k  ifk  the  Ijsvant. 

y.  An 
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y.  An  Ifihmusy  is  a  little  narrow  Neck  of    §  2. 
Land  urhich  joineth    the  Feninfula  unto  the 
Gfntimnt. 

6-  A  Promontory^  is  ibme  high  Mountain, 
which  ihooteth  it  felf  into  the  S^,  the  utmoft 
end  of  which  is  calFd  a  Cape  5  as  Cape-Boon 
Efperance^  Cape deVerie^  and  C^e  de Coquibocao. 

7.  The  Ocean^  is  a  general  CoUeaipn  of  Wa-^ 
ters,  which  environeth  the  World  on  ever/ 
fide,  and  produceth  Seas^  Strmts^  Baysy  Lakes 
and  Rivers .-  Of  which,  and  other  Waters,  Ovid 
thus  Q>eaks  in  his  Metamorpbofis : 

TMm  Fret 4  d$$ftdit,  rafidifqHi  ttme fieri  vmij 
J^Jfit^  &  ambiu  cirfunddn  lit  tar 4  terr4.         * 
**  He  fprcad  the  Sets,  which  then  he  did  command  ■ 
^^  To  fwcll  with  Winds,  and  compafi  round  the  Land; 

8^  The  Sea^  is  part  of  the  Ocean^  to  which 
we  cannot  come  but  through  feme  5/«/>  ^  as    ^ 
the  Mediterranean^  or  Bal tick-Sea. 

9-  A  Strmt^  is  a  part  of  the  Ocean  reftrained 
within  narrow  bounds,  yet  openeth  a  way  to  the 
Sea  5  zSythtStrmts  oiOibralter^Uellefpont^  8cc. 

10.  A  Creek^  is  a  crooked  Shore,  thrufiingj  as 
it  were,  two  Arms  forth  to  hojd  the  Sea  5  as, 
the  Adriatick^  Perfian  and  CorintbianOeeks  ^ 
from  whence  are  produced  Rivers^  Brooks  and 
Fountains  5  which  are  en^ender'd  of  Cot^ealed 
Air  in  the  Earth's  Concavity ^  and  feconded  by 
Sea-water  creeping  through  the  hidden  Cranies 
of  the  Earth. 

1 1.  A  %,  is  a  great  In-let  of  Land  5  as,  the- 
Bays  of  Mexico  and  Bifcay. 

1 2.  AGufpb^  is  a  greater  In-let  of  Land,-  and 
deeper  than  a  Bay^  as  the  Gu/f^s  of  Venice  and 
Horida.  13.  A 
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6  24  1 3.  A  Qimate^  U  a  certain  (pace  of  Earth  sbid 
Sea,  includedwithinthefpaceoftwoR2rd^i>^ 
and  there  have  been  anciently  accounted  ibdh 
ieveii)  i^viz.)  i.  Dia  Meros^  2.  Did  Syenes^  ^.  Dia 
Alexandria^  ^ Dia  Rhodes^  %.DiaBJbameSy  S.Dta 
Borifthenes^  and  7.  Dia  Ripheos. 

14.  A  Zofie^  18  a  certain  (pace  of  the  Earth 
contained  betwixt  certain  Grcles  of  the  Spperej 
of  which  there  are  Five  ^  (piz.)  the  Twrii  or 
Baming-ZoHCy  two  Temperate^  and  /1D0  ^gH 
or  Frozen-Zvufs* 
f  The  Tarrii'Zone^  is  that  which  Beth  on  eadi 
fide  die  EquinoSial^  whofe  bounds  are  die  twof 
.  Tropicks  of  «  and  ^. 

The  /w^  Temperate-Zones^  are  diofe  whidi 
lie  betwixt  tlie  two  TropicAs  of  ®  and  ^^  and 
the  Volar-Ctrcles. 

The  /eo?  Frigidr Zones  lie  between  the  ilr//r>i 
and  AmartichOrcksy    and  their  reipedive 

PROP-    I. 

fiim  to  find  the  Dijiance  of  anjf  two  Gties  or 
Places  J  txhich  differ  only  in  Latitude. 

In  this  Vropofition  there  are  two  YarietieSi 
which  are  thefe : 

I.  If  both  the  Places  lie  under  one  and  die 
fame  Mmdianj  and  on  one  and  the  fame  fide 
the EQuinoSial^  either  on. the  North  or  Soud>- 
fide  thoreof  •,  then  fubihad  the  lefTer  LatitMdt 
frdm  th6  greater,  the  Difference  mukipljr 
57  70?  (becaufe  70  Engltjh  Miles  is  a  D^ree) 
the  Produa  is  the  Dif^nce  of  the  two  Places 
in  Em^  Miles.      If  you  multiply  by  6oy  it 

giv» 
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gives  it  in  Meridional  Miles,  that  is,  fiich  Miles     fj  24 
as  are  uCed  la  Navigation^' 

2.  But  if  the  t WW  Places  lie  under  one  and 
the  iame  Meridian^  but  the  one  on  the  South* 
iide  of  the  Equinoffial^  and  the  other  on  the 
Korth^lide ;  then  add  both  their  Latitudes  to< 
gether,  and  multiply  their  Sum,  as  b^ore,  it 
gives  their  Difiance.  .        -   " 

PROP.  n. 

To  fad  the  Diliance  (f  any  two  T^laces^  whiclf 
differ  only  in  Longitude. 

^  There  are  alfb  in  this  Vropojitton  two  Va- 
fieties* 

I.  The  two  Places  may  both  lie  under  the 
E^uinoSial^zai  £0  have  noLatitude :  And  if  (b, 
fubftrad  the  lefler  Longitude  out  of  the  greater, 
and  convert  the  Remainder  into  Miles,  by 
multiplyinigAeir  Difference,  as  before  ^  ib  have 
you  tne  Diflance  of  an^  two  Places  fo  pofited. 
And  here  Note^  That  if  the  Difference  of  Lon- 
gitude be  above  180  deg.  then  you  muft  u(e  the 
Supplement  of  that  to  360. 

2  But  if  die  two  Places  differ  only  in  Lon- 
fftude^  and  lie  not  under  the  EquinoSfial^  but 
under  romc  other  Intermediate  Parallel  cfLati- 
tude^  between  the  EjuinoSial  and  one  of  the 
Poles.  Then  to  find  tfaejr  DifbiKX,  this  is  thf 
Anakgy  or  Proportion : 

AsRadit^  or  S.  90% 

To  Sc.  (ftbe  Latitu^  ^ 

So  is  S  of  tX  of  Loffgitude^ 
To^qfitbeirDiftance:  Whidi  {)eii^  Doobkd^ 
and  oonverted  into  Miles,  gives  the  requked 
Difiance*.  M  o  t  £, 
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4  2.  NotE,  We  compare  the  Sme  of  half  thf 
Difference  qf  Longitude^  by  realbn  the  whole 
hifference  of  l/mgitude  may  be  above  90  Deg. 
of  which  there  is  no  Sim^ 

P  R  O  P.   in. 

to  fifid  the  Diftance  of  dry  twd  Places j  vbbub 
differ  both  in  Latitude  and  Longitude. 

In  this  Prcpojtion^thxee  Varieties  do  prefeut 
Aemfelves  to  our  View. 

1.  One  df  the  Phces  niay  lie  under  the  Equi- 
noSial  and  have  no  Latitude^  and  the'  other 
nnder  fbme  VardOel  cf  Latitude  between  the 
EquinoSial  and  one  of  the  Poles.  In  fiich  cafi^ 
obiervB  this  Anal<^  or  Fr^fportion  : 

As  Radius  or  S.  qf  90% 

To  Sc.^  of  their  X.  cf  Longitude  j 

So  is  Sc.  cf  the  given  Latitude^ 
.  To  Sc.  of  their  Di fiance  required* 

a.  But  if  both  the  Places  propoied  Ihall  Iw 
without  the  EqtanoSial^  but  on  the  one  fid^ 
either  both  towards  the  Norths  or  both  towards 
the  Souths  then  their  Diftance  may  be  found^ 
by  thisAna/qgy  or  Proportion : 

As  Radius  or  SL  90% 

To  Sc.  qf  their  X  qf  Longitude  \ 

So  is  Tc.  cf  the  greater  Latitude^  - 

To  the  T.^a  fourth  Arch :  Which  fubftiaaed 
from  the  Complement  of  the  leffer  Latitude^  the 
Remainder  muft  be  ths  Jfth  Arch.   Then  Ikj^ 

AsScqf  the  fourth  A^cby 

To  Sc  qf  the  fifth  Arch  5 

So  is  S.  .of  the  greater  Latitudes^ 

To  Sc  qfthe  Di fiance  of  the  ttoo  propqfedPJaces. 

3-  Th» 


Geographical  Proportions.         I6i 

3.  The  two  Places  propounded  may  be  ib     ij  Z\ 
iituated,  that  one  of  than  may  lie  on^North^ 
and  the  other  on  the  Sauth^^dit  the  Equina  fit  al^ 
the  Diftance  of  Places  fo  fituated  may  be  ob- 
tained by  this  Analcgy  oi  Tftoportion : 


j^-^ 


As  Radius  or  SL  90% 

lofc.  cflL  (f  Longitude  5 

So  is  To.  of  the  greater  Latitude^ 

Tol.cf  a  fourth  Arch:  Which  being  fub- 
fixaded  out  of  the  Sum  of  the  other  Latitude^ 
and  the  Radius  or  90%  the  Remainder  is  a  fifth 
Arcb.    Then  fay, 

AsScqf  the  fourth  Archy 

To  Be  of  the  fifth  Arch  I 

So  is  S.  of  the  Latitude  frfl  takett^ 

To  Sc  of  the  DiHance  required. 

Thefeafe  an  the  Varieties  of  the  l^ofitions  of 
Places  on  the  TerredrioKjlobe :  For  if  Ae 
Diftance  of  any  two  Places  be  required,  they 
inuft  fall  under  one  or  other  of  theie  Varie- 
ties, and  may  be  obtained  by  one  or  other  of 
the  Vroportions^  mentioned  in  the  three  fore-^ 
going  troOqfitions. 

Anb,  it  yaakaawibeLatitudeBnd  Longitude 
of  way  two  Fixed-Stars^  or  their  Right  Afcenfion 
and  Declination  $  theoi,  by  thefe  Rules,  their 
Diftance  may  be  found  \  wmch  is  of  good  Ufi 
in  Aftronomy.  It  may  alio  be  applied  to 
Orcular  Sailing  ^  of  all  other  ways,  the  moft 
SVJket :  Whidi  is  treated  <^  in  its  due  Place. 

M  CHAP, 
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CHAP.    VUL 
Of  NAVIGATION.    . 

< 

NAVIGATION^/?  cMtifrm  Navis  a 
Ship,  n  an  Art  Mtubcmaticsl  x  which 
Jheweth  hm^  ty  the  Jhoneji  good  Way^  by 
the  apte/i  Dirtffion^  and  in  thewarteft  Ttme^  to 
"conduS  c  Ship  from  any  one  ^lace  unto  any  othet 
'Blace  affigned :  It  hath  been  highly  efteemea  by  the 
Ancients :  It  is  the  Glory ^  Beauty y  Bulwarkj 
WaU  and  Wealth  of  the  Englifii  'Nationy  and  the 
Bridge  that  joins  it  totheXJniverfe.  Navi^tion/i 
commonly  divided  into  Three  forts  ofSaih^  ^  viz. 
Plain-S^ng,  MercatorVSailing,  and  Circular- 
Sailing  %  Of  aU  which  Tbrte  Farls^  IJhaU  treat 
in  their  Order. 


SECT.    I. 

Of  Pkin-Sayil^  or  Sitting  fy  the  fltiih 
Oiait. 

§  I.  T^^Lak^eibtigy  or  Sailing  hj  the  Pkitt<3farr^ 
X  is  tile  pl^undil  way,  and  the  Foondatioil 
of  all  the  reft :  And  although  the  Ground 
and  Proje£ticm  of  the  Vlain^harf  is  erroneous  | 
yet  is  it  mare  facile  to  the  Learner,  and  may 
ferve  indifferently  near  the  EquinoSial^  be- 
caufe  there  the  Degrees  of  Lohgitttde^  as  wdl 
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a^  tlie  Degrees  of  Latitude^  are  £qg»l :  Each     §  i. 
Degree  being   divided  into   60  JVIinutes  or 
iMr/iTx,   thou^  tfae7  are  fbmewfaat  more  than 
Ef^HJb  MUesj  each  H/iimae  or  ^/(f  cotitaiiiidg 
about  6000  Feet. 

PROP.    I.  arij^  ^ 

The  Wmmb^  and  jyifiancefdiei  thereon^  leing  '«^(«- 
even\  to  find  the  Difference  d  Latitude^  and  'j!,  '^/f^ 
the  Departure  frem  the  Merman.  Rribt,and 

Admit  a  Ship  laik  N.  W.  by  N.  ?p^   oT  Tff,ap^ 
Miles,  or  124  L^gues^  I  demand  her  Difference  piieJ  to 
of  Latitude y  and  I%arture  from  the  Meridian  ?    ?rofofiti^ 

In  the  Triangle  ABC,  the  Hypothenufe  AC  JJ.^^ 
reprefenteth  the  Diftance  &iled,  or  Rhumb^ine^  Saiiiog. 
BC  the  Departure  from  the  Meridiatij  and  AB 
the  DiSer^nce  of  L^/>j^if . 

I.  To  fcid  whidi,  67,  K^-  44^ 

As  Radius  or  S.  90%  7 

Tit?  JL^.  DiflaAce  (ailed  972S 
5^  /xJto  r.  A.  of  theCborfe  56^  \%\ 
To  Leg.  cr.  AB  3o9TVMinute9  :  Which  being 
divided  by  60',  giveth  5^  9'  18"  for  the  Diffe- 
rence of  Latitude. 

7.  To  find  &e  Departure  from  the  iUrrj-  fig  44^ 
ar4»,  fay, 

ilx  Radius  or  S  90% 

T^  hug.  Bkumb'Sne  AC  372'  5 

So  is  S.  <?fr.  of  the  Courfe  A  33^  45?'. 

T(;I^^.  cr.BC  2o6T^Minute8,  tiieD^rture 
firon>  t^ilf^i^;?  .-Which  divided  l>y  5o,  giveth 
3^  26^  36''  ht  the  Difference  c£  tlnigitud^^ 

M  2  Note, 
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§  I.  Note,  That  by  this  Fropqfition^  you  may 
keep  an  Account  now  miich  you  have  failed 
cither  Eaft:  or  Wefi,  North  or  South  :  The  firft 
of  tfaefe  is  calVd  Northing  at  Soutbi^y  tha 
fecond  Eafting  or  Wefti?^. 

PROP.  n. 

tythe  Rhumb  and  Difference  of  Latitude  ghe^  i 
to  find  the  Dijiancey  and  the  Departure  from 
the  Meridian. 

,  Admit  a  Ship  fail  N.  W.  by  V9^  until  her 
Difference  of  Latitude  be  3091^  Minutes^  *,  I  de* 
inand  her  Diftance  failed,  and  her  Departure 
ftom  the  Meridian  ? 

1.  To  find  Ae  Diftimcey  fay, 

F^,  4V       -^*  Sc.  ^r.  of  the  Courfe  A  56^  15', 

To  hog.  or.  AB  the  X.  of  Ltff.  309n!MinuteS} 
5^  is  the  Radif^  or  S  90% 
To  Lcfg.  AC  ?7  2'  the  Dxfbnce  failed- 

2.  For  ^tyeparture^  fay^ 

fjr,  4^       ilx  Sc:  of  A  r.  of  the  Courfe  76^  15', 
^  **  T(?  L^.  or.  AB  X.  ofLat.  3097^ Minutes  ^ 

&  is  S.  of  r.  of  the  Courfe  A  33^  45', 
jI>  Lqg.  or.  AB  2o^n  Aiumtes,  dieDepartore 
required 

8=3*  By  the  help  of  this  Vropojitiony  whett 
your  Latitude^  by  Obfervation^  doth  not  agree 
with  your  Dead-Reckoning,  (kept  by  the  former 
Tropojition  -, )  Then,  according  to  this  Ruk» 
you  may  make  your  Way  fail'd  agree  with 
your  ob/erved  Latitude^  and  fb  correft  jour 
Account  or  Dead-Reckoning :  For  die  ohferdi 
Latitude  is  moil  to  be  rely'd  on. 

^  PROP- 


Of  Navigation.  165 

§1. 

p  R  o  P.  ra. 

Bf  knowing  the  Difiance  qfthe  Meridianf  afttoa 
P/acesy  and  their  Difference  of  Latitude  \  to 
find  fbe  Rbumby  anaDiJiance. 


Admit  A  to  rq)relent  the  lizard^  AB  the 
PatraBei  tliereof ,  C  St.  Mar/s  IJJand^  (  being  one . 
of  Ae  Azores)  and  CB  the  Meridian  thereof. 

In  the  Triftg/e  ABC  there  is  given  the  fide 
AB  816  ^//r;  the  Diftance  of  the  Lizard  firom 
the  Meridian  of  St.  Mary\  and  the  fide  CB  Fig.  43?. 
their  Difference  of  Latitude  768  min.  I  demand 
the  Rbumb^  L  e.  the  Angle  at  Q  and  the 
Diftance  of  the  JJzard  from  St.  Mar/s  > 

1,  For  the  EbuTnb  or  Angle  at  Q  fky^ 

At  Log.  or.  CB  768', 

To  Radiui^  or  S.  90""  I 

So  if  Leg.  CT.  KB  Si6\ 

To  T.  qfthe  Ebumb^  or  Angle  at  C  46^  44', 
and  is  from  the  Lizard  unto  St.  Jjiar/s  to  tne 
fourth  Rhumb  of  the  Mertdian^TOiA  i""  44'  more» 
viz.  S.W,  and  i""  44'  'W'efterty,  or  fiom  Saint 
Matys  to  the  Vzard  N.  E.  and  i""  44'  Eaflerlj : 
And  thus  it  flail  be  by  die  Plmn-Cbaru 

%  For  d)eir  Difiaaee  AQ  (ay, 

4r  3*  E&Mr^  or  K.  at  C  46^  44'^ 

T^L«.  cr.AB8i6'| 

5^  /V  Radius  or  S.  90% 

ToLcfg.Hypoth.AG  1120',^  whkA  is  the  k^ ^  ^5 
Diftance  of  ^Lizard  \VDXoSi.Mary\yianL  and 
&di  Ihould  be  the  Diflance  hjihRFLnti-Ciart. 

Ui  PROP, 
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p  R  o  P.  rr. 

Allnut  tmo  Ships  to  fet  fail  from  one  Vortj  one 
Ship  fails  W.  S.  W.  40^  the  other  W.  h  N.fb 
far  until  Jhe  finds  the  firft  Ship  to  hear  from  her 
5.  E.  by  E.  I  demand  thefecond  Shifs  Diftance 
from  the  forty  and  their  Dijiance  af under  ? 

In  the  Triangle  ADE^  let  A  reprefint  the 
Vort^  AD  the  W.S.W,  Courfe,  ud  A£  the 
OurfeW.hjJi. 

1.  To  find  the  ficond  Ship's  Difbnce  from 
the  Forty  fay, 
rjf.  4^      AsS.  oir.  at  E  22*  30', 
To  Lag.  or.  AD  40' ; 
So  is  &  of  F.  at  D  1 2?^  45', 
To  L^.  cr.  A£  %6^i^  min.  wludi  is  the  Di- 
fiance  required. 

r.  To  find  the  two  Ships  their  Difiance 
aiunder,  fay^ 

F?ir.4^:      iljS.ofr.atE2tMo', 
"  ^:      X?L4^.cr.AD4D'i 

So  is\  oiV*  91 K  li""  ^^\ 

ToLtg. or.  D£  58  ^min.  which  is  the I&- 
fiance  req[uired. 

PROP.    V. 

Tto^  Ships  fet  fail  from  tvao  forts  tohicb  Re  W. 
and  5.  cf  each  other ^  the  me  fdls  from  the 
Northermofi  fort  y2^\  and  then  meets  the 
0thef*  Shipy  which  came  from  the  Soutbermoft 
forty  on  a  N'  W.  Courfey  and  bad  failed  from 
thence  %(^\  I  demand  tht  Bhumb  on  which  the 
firft  Ship  made  her  Wiy,  and  alfo  tbc  Djfiatgce 
^tween  the  two  forts  i 

-  Id 
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Id  Ae  Triangle  ADE,  let  ^  be  the  Soadier-    §  i. 
XDO&  Port,  AD  the  Cour&and  Way  of  the 
ftcond  Ship N.  W.  $5i^',  let  £  be  the Norther<- 
moft  Port,  ED  the  Coarfe  and  Wgy  of  ttis 
other  Sbip  72t%',  and  D  die  Place  where  tit^  , 
bodi  meet. 

1.  To  fiid  die  R^^MR^  en  whidi  the  firftShip 
fiuled,  iay, 

ToS.otV.  at  E  33^  45' :  Which  fceweth  th( 
Coarfe 6f  the  iirft  Ship  to  be  S.W.by  & 

2.  To  find  the  Piflance  bet^ireen  the  two 
Ports  A  and  E,  fay,  F^.  47* 

ilf  S.  of  r.  jr  A.  4j;«*  go', 

T^L«.  or.  DE72t%V; 
S^/xS.ofr.tfrD  loi^if, 

.T:'  L^«  cr.  EA  loo',  which  is  the  require^ 

IHfiaiioe. 

P  R  O  P.    VI- 

4^V  aSbipcamng  cff  thi  H^mtOcean^  Milbai 
Jkht  (fa  Fpomomary  or  Cafe^  hvobichit  isnrp 
iffire  to^fcil  3  IfiiM  it  to  bear  from  mt  S.&Bf 
md  diliant^  fy  EJfiniathn^  39'  crU&es :  But 
^etn^gfi^  M  ngy  Oi^Je  S^  u»U  ibe  BvtMi^g^ 
hadingfdiki  %S'  or  MUsiIufou'd  then  know  hm 
^  ^he  Qftf  bcars^  atd  its  DiftMcefrm  the  Sbif  ^ 

JnAtTriangle  XDE^  Admit  tlmt  at  A,  I  do 
oUerve  the  G^  D  tobeur  from  me  S.&E  33^ 
smdhavingikiledfrom  AtoE36^Soatii;  Ide^ 
iGqre  to  fajovr  its  Distance  and  Beariog  ^   In 

M  4  M 
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§  I.     the  Triangle  there  is  theirefore  givqi  AP  i%'l 
—     .    ^  3^'»  9xA  iintJbtgle  at  A  ?2"»  30'. 

I.  To  find  the  Jb^le  at  E,  £17, 

As  Z.cr'  AE,  and  AD  69', 
to  3t.  cr'  AD,  and  AE  03'  j 
So  is  T.  iVVvmksmm  D  and  £  78"  45', 
Ttf  the  T.  of  12°  20' :  Which  taken  from  78"» 
4;',  leaves  iheAftgle  at  E  66°  2$':  So  that  As 
Q^  D  then  bears  i(oa\ me  E.N.E.  and  qi°  os' 
.Northqrty. 

%.  Tofmd^DiflanceoftheCi^ED&Qin 
the  Ship,  &j,  • 

ilx  S  r.  at  E  66'>  25; 
T«L<?f.cr.AD33'i 
So  is  S.  K  at  A  22°  30'. 
ToL^.cr.ED  i3i^Milesdiftant:  So  fhattbe 
Qpf  is  tbep  diftant  ficom  theShip  i3^\]S^es. 

p  R  o  P.  vn. 

Taw  P<Jftjj  3wft  />»/«  in  one  Latitude,  iftant6^* 
or  Miles,  theWeftertncft  of  thofe?orts lieth op- 
pofite  to anlflandmoreNortherfy i'fiant  there' 
from  47'  or  Jl/iilesy  vibich  IJIand  it  alfftdifiant 
from  the  EaftermM  Fort  34'  or  Miles  ^  I  de- 
mand the  GM^from  the  Wefiermift  Pm  to 
thatlflanii  '        ^ 

J 

In  theTr/<»f^/(f  ADE,  let  A  UtheWefiermli 
Fort,  and  E  the  EaHermofi  Pert,  diftant  kmr 
der  <54'  j  and  let  D  be  the  Ifknd^  diftant  from 
A  47',  and  from  E  34'  \  Theii  n  the  Angle  at 
A  r«(uu:ed,  which  is  the  Ourfe  or  Ri^Mvi  fion? 
W.'^V.  ^d^^^^^^*""^  "?**»  the />;/<£..    To  fin# 
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At  Log.  cr.  AE  64',  ^  I. 

Tt  Lag.  Z.  cr'  AD,  and  ED  8 1'  1 

So fsLt^.JLcf  AD,  and  ED  13 , 

To  hog  of  a  certain  Line  AO  i^t^,  ; 

Which  aMei  to  AE  64',  is  8ot^  j 

7^  i  whereof  fsAB  401^. 

Then  again,  £17, 

At  Log.  or.  AD  47', 

To  Kadiut  or  S  90°  ^ 

&>  ^  L«.  AB  401%^%, 

T<»  8g.  r.  at  A  58*  51',  that  is,  N.  E  Br  E.  . 
3«  ;5'  Eafterly  j   ni^di  is  the  Gourfe  noin 
the  Wefterm^  fort  A,  uj^to  thp  j/JW  & 

SECT.   n. 

Of  Sailing  ly  the  True  SeapChart,  tmmmdy 
caltaMEKCAT OKs  Chart. 

THE  True  Sea-Chart  ^    commonly  csiXd    ^li 
Mercatoe'x  Chart  ^,  performs  die 
lame  ConclufioDS  as  the  Vldn-Chart^       ^  ^^ 

and  ahnofl  as  Speedily,  but  £ir  more  jnvJSLaf^^!^^^ 
cxaftlyiBecaufeaU  Places  may  be  Cw/rymJi  "3^.  EAr. 
laid  down  hereon,  with  the  lanje  Wright ,  $kbmgh  ttm 
Truth  as  on  the  G/obe  it  felf^  both  ^^^r  both  dlnu0 
to  Adt  LatitudesyLvsigitu^Sj  Bear-  ^^!^^^^^^ 
ipg  and  Dijiance^  from  each  other. 

And  here  it  will  be  neceilary  to  have  a 
Table  of  Meridional  PartSj  which  I  have 
eztfa£ted  out  of  Mr.  W^igbt^s  Tables^  to  every 
Tenth  Minute  of  Latitude^  accounting  it  in^ 
ilngle  Mile%  or  Minutes  of  tlie  EquinoSial  ^  and 
l}4ve  hereunto  anncjted  the  iaid  Tabl^ 

A  T4^ 
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A  TABLE  of  Meridional  Miles. 
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1 

7 
8 

Ji 

10 

II 

IZ 

I? 

i8 
12 

u 
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I  »7 
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I  ■ 


The  Mwtes  •feticb  Dtgree. 


o 

IM 
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97* 
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?^' 
819 


10   I   20  I    30  I  40       50 
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70 

•130 

190 

?7o 

«i 
491 

«74 
7?f 

9x0 
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'7* 

*?^ 
»99 
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ao 

80 

140 
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;}20 

380 
441 
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4f< 
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'? 

402 
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no 
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"4 
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M7 
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10 
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10 

10 

10 

ID 
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fO 

10 

10 
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10 

IQ 
lO 

II 
II 
II 
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II 

tl 

II 

II 
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A  Tahle  of  Meridional  Miles. 


JO 

IS 

li 

22 

40 

4« 
4» 
4) 
44 

47 
4« 

J2 


S I        7Z>^  Minutes  of  each  Degree. 

s 


10 


20 


P 


40 


I*# 


«m/  ilfi/(rx. 


1888 
t9fi 
1018 
1059 
1171 

1*44 

2)l8 

1468 
2f44 
xiia 
1701 
1781 

»94y 
}<J3o 


1899 
1969 

2040 

2111 

at8| 

140/ 
1481 

*££Z 
1714 

»79f 
l87< 


J9<8 

4074! 
4181 

4*94 
44fi> 


1911 
1981 
zofi 

211) 
2t 


?044 
1»«7 

5420 

;<8i 

?78o 

358f 
4092 

4201 

4?«2 
44» 


22<8 

2417 

a49? 
2570 

2&t8 

2718 
2808 
2890 

2< 


3144 

?»?» 
5321 

341* 

)^ 
3<J7 
?757 

400; 

41 10 

4219 

4))i 
444*1 


192? 

»99? 
2003 
21 3f 

2207 

2281 

*43o 
2Jd6 

2£83 

i66i 

2741 
2822 

2904 
«987 
3072 

3if9 
?»47 
3«$ 

ml 

3f2l 

3<i< 
37t4 

4020 
4128 
4238 

44"^ 


i9?4 

2004 

207f 

2147 

2219 

»93 
2367 

2442 

af>9 

2J2< 
2^f 

283f 
2918 
3001 

3086 

3«73 
3201 

J441 

3f?7 
3<32 

37?o 
3830 

mi 

4038 
414^ 

4*n 

4370 
44>7 


50 


1946 
2016 
2087 
21  f9 
2211 


23of 
2380 

2fo9 

ii66» 
27<8 
2849 
2531 

JOIf 

3101 
3188 
327« 
33« 

312 

3ff3 
3^9 
3747 
3847 


40^* 

41^ 
4»7/ 
4390 
4/07 


? 


!Z 
1 


8 

9 

10 

ao 
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60 
61 

6% 

69 

70 
7> 
7» 
7? 

74 

7E 
76 

77 
78 

79 
80 
81 

82 

I' 
84 

89 


A  Tahle  of  Meridional  Miles. 
The  Minutes  <f  each  Decree. 


10 


lO 


JO  40 


SO 


4f»7 

477f 
490f 
JH? 

fi79 
^3*4 
5'474 

y79f 

^3r 

6747 


6s7x 
7211 

7740 

8048 


8177 
874* 
914a 

9609 

10141 


10770 

»»n9 
12920 

i6;i8 


Tbe  Meridiaaal  Miles. 


4f47 
4670 

475^. 

4927 

5*062 


ffOO 

5<5y8 

f82? 


f99^ 

6177 

6f7o 

J78| 

7010 

7*n 

7rt3 

779/ 
8100 

84?r 
8S06 

9221 

9^2 

10138 

10887 
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I422I 


4f^7 
4<9i 

4818 

4949 
fo8f 

f373 

f<8f 
6021 


6l2f 

6208 
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6820 

Toyo 

7«9r 

7^^ 
7844 

8if4 

849/ 
8872 

9»9r 

9778 
10^38 

11007 

11839 
12927 

I77» 


4f88 
471 1 

4839 
497* 
foi8 

f2f0 

J390 

y879 

1*39 
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_68y7 

7089 

7338 
76of 
7894 
8209 


4&>8 

4861 

4994 
511* 


8j'|'f 
8939 

10441 

"«,33 
11999 
I3if0 

14914 
18729 


6o8f 
6271 
6468 

7130 

7944 
8264 


B6i6 
9007 

9449 

99f4 

»of47 

1 1 26; 
121^ 
13388 

IJ?2I 
201  f 2 
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JhxraiExamflesfoB(mi/i£^aftcrtbunuutaer: 

P  R  O  P.   I. 

T(f  find  hy  the  Table,  what  Meridional  Tarts  arc 
contained  in  any  Difference  of  Latitude. 

In  this  Vropofitton^  Aree  Varieties  prcfent 
dMnfelves  unto  our  Tiew. 

1.  When  one  Place  is  under  the  l^^mnoSiaf^ 
the  other  having  Noirth  or  South  Latitude^  his 
Meridional  Farts  correQ>onding,i8  to  beefteem; 
ed  finr  die  Meridional  Difference  cf  Latitude. 

Example:  One  Place  upon  the  Ejim/ot^ 
ittt  other  in  21^  o{ North  Latitude  ^  What's  the 
Aleridional  Difference  oi  Latitude  ? 

Look  in  the  Tab/e^  nnder  Title  The  Deg.  of 
hat.  and  agdnft  27  yon  will  find  168^,  the 
Meridional  Difference  of  Latitude  required. 

2.  When  both  Places  are  towards  one  of  the 
Tales  J  tiien  tht  Meridional  Farts  of  the  l^er^ 
taken  from  the  Meridional  Farts  of  the  greater 
Latitude y  die  Remainder  is  die  Meridian d  Dif- 
ference required. 

Example  :  Sumole  onePhoe  in  14'' of 
North  Latitude^  the  other  in  2)''  of  die  (kxas 
Latitude  •,  Wlikat's  the  Meridional  Difference  if 
Latitude  ? 

The  Meridional  Farts  anfwering  to  14^  of 

hat.  is  848^  and  the  Meridional  Farts  anwer- 

ing 
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4  7.    iflg  *^  ^'"^  of  JLar.  is  1418  •,  the  Difference  of 
*     thcfe,  which  is  570,  is  the  Mertii^nal  Difference 
qfLaii(ude  required. 

• 
.  3.  When  one  Place  hath  Norib^  and  the  other 
South  LMtitudcj  their  correfponding  Meridional 
Parts  added  together  gives  the  JUeriJianal  Dif- 
ference  of  latitude  Ibucht.  Thus  having  found 
tfacm  out)  they  may  thus  be  applied. 

If  the  Decrees  ojj^tituie  had  been  the  (ame 
as  in  the  laft  Example^  only  one  l^orih^  the 
ptbor  Awrib,  the  Sum  of  the  MaiUcnd  tarts^ 
viz.  2266  would  be  the  Meri^omU  Difference  J[ 
luuitude. 

P  R  O  P-   n. 

Bj^  knemng  the  Latitudes^  and  the  Difference  of 
hof^itude  (f  any  two  Places  \  to  fyut  the 
Rbumb^  and  Dijf  once. 

Admit  there  be  a  Port  in  the  Latitude  of  STO^' 

CO'  Norths  and  another  in  the  Latitude  of  1 ;« 

1 2'  Norths  and  their  Difference  of  Lor^itude 

is  52^  57'  Weft  I  I  demai^  the  Bimmb  and  Di-^ 

fiance^ 

In  iSsi<^  Triangle  Abe,  let  Ab  reprefent  tbe 
propar  Difference  of  Latitude^  b  c  tiie  Departure^ 
fj^  j^^  Ac  the  Diftance  failed,   A  the  Axfgk  oi  the 
Ourfe^   c  the  Complement  of  the  Courfe. 

In  mtly'tangie  ABC,  AB  is  the  Meri£onaI 
Differ^ce  of  Latitude^  BC  the  Differencie  of 
t^nfii4sde^  A  the  Angle  of  the  Rhumbs  C  theCompl. 
of  the  il^^/r  of  the  RA«fflr^ :  Thefe  things  being 
wderflood,  tlie  Work  evidently  appears  to  be 
ne  iame  as  in  K^6iwi(^^  p/oNf  TriA^A 

There 
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Hiere  is  then  Jrequired,  firft,  the  D^rrM^  of    %%, 
iMitude^  and  this  £dl8  nader  the  feomd  Va* 
nety. 

t)«  PiT/  //^/^  /«  Ltff.  yo^  o<y  N.  3475 
The  other  lieth  in  "—^  13   12  N.0799 

The  XgrU.  Dif,  if  Lot.    .     2^76 


iMi. 


I.  To  find  the  Rbitmb  or  Cburfe^  fay. 

As  Merii.  IS.,  hat.  261 6\ 
To  tUdk^  or  &  ^o^" ) 
SoHX»isl£ljmgtruie  ^i-jf^ 
To  T.ofAeRbumb^^^"  53':  The G#3r/5r there- 
fore is  S.  W.  iW.  O'r. 

c.  To  find  the  Diftance^  Ogi  ^^ 

L^.  13  12 
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Proper  Diff.ifLat.--^  36  4B  cD2tfi*l&//22o8\ 

ilf  Sc.  CwWf  4o«  7', 

T^  jpr£)p^  X.  or  Lat.  2208^  s 

5^  is  Kaiim  or  S.  90% 

To  the  Difiance  3426  H/iinutes^  as  required. 

PROP.  ni. 

^  knming  the  Lathudesj  and  Difiance  of  tno 
Ptaccs*^  tofiniibeEbumby  and  Difference  of 
Longitude  ? 

I.  To  find  the  ttbumi  or  Oifr/e^  fky^ 

As  the  DiHance  failed^ 
7>  IRadius  or  5.  90''  ^ 

So 
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^x,        SoUthcTi.  oiLdtituie^ 

To  Sc.  of  the  Bhumb  required. 

2-  To  find  the  Difference  cfLor^ituiet  iky^ 

As  Eadir^  or  S.  90% 

To  the  X.  ef  Latitude  in  M^ril  fdrts  ^ 

SoHT.qftbeBhumb^ 

To  the  X.  (^Longitude  required. 

PROP-    IV. 

By  knowing  the  Latitude  andRbumb  oftwoTiaces  ^ 
io  find  their  Diftance^  and  Difference  rf  Lon- 

.    gftude. 

1.  To  find  the  Diftance^  lay, 

As  Sc-  of  the  Rhumbj 
To  the  X.  rf  Latitude  ^ 
SoisRadif^orS.  90% 
To  the  Dijlance  required. 

2.  To  find  the  Difference  of  Longitude^  fay, 

As  Radius  or  S.  90^, 

To  the  X.  ^Latitude  in  Merid.  Tarts  j 

So  is  T.  of  the  Rbumb^ 

To  the  X.  of  Longitude  required.^ 

PROP.    V. 

Bf  knowing  the  Rbumb^  Difference  of,  Loffgitudey 
and  one  Latitude  5  To  find  the  other  LatituJk^ 
and  the  Diftance. 

I.  To  find  the  other  Latitude^  Glj^ 
As  t.  of  the  Rbumb^ 
To  the  X.  ofLof^itude  in  Farts  % 


/ 


« 

Of  Navtgationl  i  ^y 

So  is  Radius  or  S.  90%  ^  2^ 

X?  /i&^  Jikrid.  X.  tf  Latitude  required^ 

2.  To  find  the  Diftance^  lay, 

As  Sc.  of  the  Rhumly 

To  the  X.  of  Latitude  ^ 

So  H  Radius  or  S.  yo''^  V 

To  the  required  Dijiancei 

P  R  O  t>.    VI. 

B)?  knowing  tbeDiftance^  one  Latitude^dRhumb  i 
-    to  find  the  ^her  Latitude^  and  Difference  c^ 
L^itude. 

1.  To  find  the  Difference  cf  latitude^  &y^ 

Ai  Radius  or  S.  90% 

To  the  Di  dance  5 

So  ii  Sc.  of  the  Rbumb^ 

To  the  X*  cf  Latitude  tequifeL 

5.  T6  find  the  Difference  of  Longitude^  fkjl- 

As  Radius  or  S-  90% 

To  the  Merid.  X»  of  Latitude  \ 

So  is  T.  of  the  Rhumb^ 

To  the  X  cfthe  Longitude  required 

PROP,  vn- 

^  knowing  the  Latitudes  and  Departure  oftwd 
Places  5  to  find  their  Dijiance,  Rhumb,  an! 
Difference  if  Longitude. 

Suppofe  one  Place  in  the  Latitude  of  yo"*  20' 
Korth^the  odier  in  47''  30'  of  theiame  Latitude^ 
and  ^eir  Depttture  130  Miles  %  Whafs  their 

N  true 


1 78  of  Navigation. 

\  t.     true  Diflance^  Qourfe^   and  Difference  of  iMf- 
gituie  ? 

Firft,  find  the  common  Difference  cfl^thude^ 
(  by  taking  die  leffer  Latituae  from  the  greater  ) 
which  is  2''  jc',  or  190  Miies  •,  and  alfo.  the 
Meriiional  Difference  of  Latitude^  which  is  2j8 : 
Then  lay. 

As  the  common  Dif  ofLat.  190  JtU/eSf 

To  tbe^  Meridional  Dif.  efhat.  258  ^ 

So  is  the  Departure  130  M/es, 

To  the  Difference  af  Longitude  177.  WhiA 
177  dividea  hy  60,  gives  2^  57',  the  true  Dif- 
ference of  Longitude. 

'^  Having  thus  gotten  the  Difference  cf  Lon- 
gitude ^  the  Diftance  and  Rbum^  is  gotteu  by 
Prop.il 

< 

This  Caje  is  very  uleful)  ( though  omitted  h 
the  former  Author  )  fi>r  by  it  we  fum  up  each 
IJa/sWork  \v2ien  taken  from  the  Ltjg-lH^i^ 
ana  enter  it  into  the  Journal^  irv  orijer  ijo  find 
the  true  Longitudi  aad  Latitude,  the  Shi^  is  in 
at  any  time. 


SE  c  T.   iri^ 

()/•  Circular-Sailing^  or  Sailing  hy  the  Arch 
'^/ a  great  Circle. 

§  5.     npHIS  is,  of  all  other,  the  raoft  eiaS  way 

X    ofSailing^  and  above  altothermoftperfea^ 

Ihewing  the  ]S[eareftWay,  and  Difl^nce  between 

^y  two  Places ;  J^  auhough  it  is  hardly  po£^ 

£ble 


i 
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fiUe  to  keep  dole  uiito  the  Arch  of  z great  Gr-  §.  g. 
cle^  yet  it  is  of  great  advantage  to  keep  coijve- 
mentW  near  it,  elpecially  ii!i  an  Eajl  or  JVeji 
Courje^ '  In  the  former  trapojitians  oi  Sailing 
we  ufed  Mfridiortfy  faraUels  and  Rhumis^  as  the 
&'irx  of  every  Tria^/e^  whether  by  the  f/ain 
or  M0rcarcr\  Chart :  But  in  Grcular  Sailuig  the 
Bhumbs  are  not  tifed  fb,  becaufe  they  are  i/if //r 
ffAerical-Jinesy  and  not  ur^/f  j  ^  nor  the  Faralle/s^ 
becaufe  they  ace  not  great  Circles :  Whereas  the 
Sides  comprdxendiflg  evtty  Spherica/ Triai^/e 
are  Arches  of  great  Orcles :  Therefore  here  we 
uTe  Arches  of  the  M^ridiajts^  of  the  EquinoSiat^ 
and  of  other  greet  Circles  deicribed,  or  £0  imay 

S'ned  to  be  delcribed,  from  one  Place  untto  anov 
er,  OS  the  Spherical  Superficies:^i£  die  Earth 
pnd  Sea. 

Therefore  here  ariieth  Tvk>  tilings  obierva- 
ble:   Andy 

1.  If  the  two  Places  lie  under  xhtEquinaSia!^ 
then  is  their  Pofition  Etf/?  and  W>/f  •,  and  theiit 
Diftance  is  their  Difference  (fhongitudf^  cort- 
verted  into  Miles.    Or, 

2.  If  the  two  Places  ^opofed  be  in.  one  and 
the  fame  M/^idian^  tfaeH  is  theb  Pofition  Nvrtb 
and  South^  and  their  DifiaMce  isctheir  Difference 
o^l^titme'  oobvnrtedrintD  Miies. 

And  tlius  far  doth  Grcular  Sailing  a^ree  with 
the  fbrmer  ^  th*ir  Diferenee  will  evidently  ap* 
pear,  by  diefe  following  Vropojitiont. 

P  R  O  P.    !• 

Two  V lace s^  the  Me  under  the  EqtfinoSial^  the 
other  in  any  Latitude  given  j  fil/p^jbcir  Differ 
rence  cf  Longitude  given  *y  tofindy 

.N  a  I.  Their 
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§  J,         jr.  Their  Dijlance  in  the  Arch  of  dgreatCirctel 

2.  The  direS  ?ofitipn  cf  the  jirfi  Ylace  frm 
thejeconi. 

3.  Andof  the  feconil^lace  from  the  jii'fl4 

« 

Here  we  call  the  Angles  wHcfr  the  Arch 
makes  with  the  Meridians  of  the  Places  pity 
pounded,  the  Angles  of  thfe  DireS  Factions  of 
thofe  Pkces  one  from  the  other  •,  becaufe  tKe 
Ard)  of  a  great  Qrcle  drawn  between  two 
Places  is  the  neareft  Di^nce  ^  aild  the  moft 
diredl  Way  of  the  one,  to  the  other  Pkce.  Now 
I  fhall  not  here  demonftrate  it  b;^  Schemes^  as  I 
hacvt  done  in  the  other  two  Seffions^  but  fhall 
only  lay  down  the  Proportions,  whereby  the 
required  Parts^  may  be  found  ^  and  fb  I»v6  tiK 
ingenious  Seaman  to  praSife  it  vfix!b  Schemes 
at  his  leifure :    And, 

I.  To  find  the  Nearefi:  Difbnce  from  Plaoe 
to  Place,  in  the  Arch  oi  2,  great  Grcle^  fay,  ac- 
cording to  the  loth  Cafe  of  ReUangUd  Spherical 
Triangles^ 

As  the  Radius^    * 
To  Sc.  of  X.  of  hongittide  5 
'^    So  ^Sc.  of  X.  of  Latitude/ 

To  Sc.ofiheDi/iance  in  the  Arch  retpaxA. 

2.  For  the  DireS  Fofition^  fky^  by  the  iidi 
Ca/e^  thus : 

ilf  the  Radius^ 
.  To  S.  of  X.  of  Latitude  ^ 
So  is  Tc  of  X.  of  Longitude^ 
To  Tc^  of  V*  of  P^JitionxeqfxixeA. 

3-  For 
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3.  For  the  DirfS  Yofition  ofthelecond Place    §  3. 
fix)jn  the  firft,  fay,  by  the  iiihCafe^  thus  : .       ' 

As  the  Radius^ 
To  S.  of  the  X.  of  hongituie  \ 
So  is  Tc.  of  X.  of  Latitude^ 
Tp  Tc  of  K  oi^ofit'ion  required. 

PROP.    IL 

TUm  Vlaces  pfopofei^  the  one  lying  under  the 
Equinoffia/^  the  other  in  any  Latitude  given^ 
with  their  Diflance  in  a  great  Circle  of  the  fame 
Tlaces  being  alfo  known  ^  tofini^ 

1.  Their  Difference  of  Longitude. 

2.  The  Dire£l  Pojition  from*  the  firft  to  the 
feconi  Ylace: 

3^  And  from  thefecond  to  the  firft  Vlace» 

!•  For  their  Difference  cf  Longitude^  lay,  by 
Cafe  12. 

As  Sc.  of  the  Latitude^ 

To  Radius  ^ 

So  is  Sc.  of  their  Diftance  in  theilrrS, 

To  &•  of  their  Difference  of  Longitude  ro]uired. 

2.  Now  to  find  the  DireH  Pofition  from  the 
firfl:  Place  to  the  fecoud,  fay  by  the  lithCdfe .' 
Aod,  Bdly^  For  the  DireS  Pofition  from  the 
fecond  Place  to  the  fii&y  (ay  by  the  i^ih  Cafe 
of  ReSangulars. 

PROP.  in. 

Two  Places  hit^  in  om  Latitude  ghen^  their  Dif 
fcr§nec  pjL^tude  being  alfo  humn  j  tofiMi^\ 

N  3  I.  The 
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§  }.         1.  The  Nearrft  DiJiMfe  cfthofe  two  Vlacei. 
2.  Hbe  DireS  Tofition  cf  one  Vlace  from  the 
aber. 

The  Viefolution  of  this  Yropofitim  depends  on 
the  9th  Cafe  di  Oblique  Spherical  Triarfgles  •,  by 
fuppofingtheOW/jir^rr/dw^/fto  be  transfigufcd 
or  converted  into  two  B£3an^ularty  by  a  fup? 
pofcd  Ferpeniicular :    And  then, 

I.  To  find  theNcareftDiftance  iji  ilE^Arcby 

'    fkjyhy  the  Zth  Cafe  o£Reilangulars^       ' 

As  the  fiadius^ 
To  Sc.  of  the  Latitude  j 
Sops  SfOfi  X.  oiLongitudej 
To  S.  oflalf  the  required  Dry?/»W  f  WKA 
doubled,  giveth  the  Duiatice  o£  the  two  Places 
•  in  the  Arches^  as  fought. 

t.  For  the  DireS  fopimy  6y,  by  the  pth 

As  the  Radiuiff 
To  S.  of  the  Latitude  5 
So  is  T  of  iX.  <£  Longitude^ 
.  X^  Tc.  pf  r.  of  fojition  required, 

PR  OR    IV. 

Xw  Tlaefs  lying  both  in  one  Latitude  given^  and 
the  Nearefi  Difianfe  being  alfo  known  j  tofaiiy 

1.  Their  Difference  cf  Longitude. 

2.  The  DirfS  fofition  of  one  Ylacefram  the 
ptheTf 

The  Refolution  of  this  Tropojitim  falls  under 
^  Ilth  ^dfe  of  Oblique  S^icalTrians/es  5 
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ftw  liere  you  have  the  threeSides  of  the  Triangle  §  3. 
given,  viz.  the  Arch  ofDiJfancey  and  the  other 
two  Sides  (are  both  Equal)  being  the  Comple-. 
ments  of  the  Places  Latitude  :  And  here,  feeing 
the  two  Sides  are  Equal,  therefore  the  t\?o 
Angles  of  Pofition  are  a  Ifo  Equal  Now  there  is 
ire^uired  the  Thtee  Angles  ? 

1.  To  find  their  Difference  ofhoyigitude^  add 
the  double  of  the  Complement  of  Latitude  to  the 
Arch  of  VHiance  j  then  from  half  this  Sum  de- 
dudt  the  Arch  ofDilfance^  and  then  proceed  in 
all  points  as  you  fee  in  Ofe  nth;  So  (hall 
their  Difference  of  Longitude  be  obtained, 

2.  To  find  their  DireQ  Vofition : 

Firftj  To  the  double  Complement  of  Latitude 
add  Ike  Arch  of  Diflance^  then  from  half  that 
aggregate  dedtift  the  Cmnplement  of  Latitude^  and 
tten  work  as  before  j .  fo  Ihall  the  Dire 3  Pofition 
ht  attained. 

P  R  O  P,    V. 

Tx$o  Places  propqfed  lying  in  one  Latitude^  and 
the  Dijiance  of  thoji  Places  in  their  Parallel 
given  i  tofindy  ^     - 

1.  Their  Difference  (f  Longitude. 

2,  Their  Diptanee  iti  the  Arch  cf  a  great  Circle. 
?.  The  DireSPdJitiantf  the  one  frorti  the  other. 

Now  you  mud  under fland,  that  as  the  Semi* 
iiameter  of  a  ParaUelj  is  in  Proportion  to  the 
Senu-Sameter  of  the  EquinoSial^  fi>  is  any  num- 
ber oiA/liles  in  that  Parallel f  to  the  Jtjinutes  of 
Jjottgituie  ^fwering  to  thofe  Miles :  So  that  if 

J*  4  W9 
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§  3*  we  itippofe  li)t  Sem'iiameter  of  the  EqmnoSlal 
to  be  Radius^  then  the  Sem-diametcr  of  any 
faraHel  is  th^  S/^/i  of  that  VaraUeh  Diftmce 
from  the  Pi?/^,  that  is,  the  &:«  of  the  Latitude  of 
ibaX Parallel:    Therefore, 

I.  To  find  the  Difference  cflj)ngitude^  fay^ 

'As  Sc.  of  the  Latitude  J 

To  the  Radius  ^ 

So  is  the  Diflattce  in  that  Parallel^ 

To  the  Difference  of  Longitude  required. 

?•  Now  di^  difference  of  Latitude  heing  ob- 
tained the  neareji  Diftance  may  be  fbund^  a^ 
in  the  3d  Frop.  aforegoing  :  3.  So  likewiCb 
may  the  Aisles  cfVoJition  alfo. 

PROP.    VI, 

jBy  knomng  the  Nearejl  Dtftance  of  two  Places^ 
their  Difference  ofLongitudej  and  one  cf  their 
Latitudes  ^  to  find  the  Dire 8  fq/ition  thereof 
from  the  other. 

This  Vrdpofition  falls  under  the  i^  Cafe  of 
OhUque  SphericalTriangles^  and  is  thus  refblved  ; 
Therefore, 

As  S.  of  the  Difiance  of  the  two  Places, 

T^  S.  ^  their  X.  of  Longitude  \ 

So  is  Sc.  of  the  Latitude  of  the  one  Plgce  given. 

To  S.  of  the  Dir(:3  Fojitipp  froip  the  qther  %% 
W9S  Cj  required* 

p  R  o  p.  vn. 

j^  foiomn^  the  Latitudes  tfttooPIaces,  emilike- 
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1,  The  Difiance  in  the  Arch.  §  3- 

2.  The  direU  Ffififion  from  the  firji  to  the 
fecond  Place.  ' 

•  3»  The  direff  Pojitionfrom  the  fecond  to  the 
fojl  P/ace. 

4.  The  Latitudes  and  Longitudes  by  vchicb  tbp 
Arch  pajfeth. 

y.  The  Cour/e  and  Diftancefrom  Place  to  Place 
through  thofe  Latitudes  and  Longitudes^  accord^ 
ing  to  Mercator. 

I  fhall  here  make  uft  of  Mr.  Norwood's  Er- 
ample  of  a  Voyage  from  the  Summer-Iflandsj 
unto  the  Uzard :  Now  becaufe  the  Work  i$ 
various,  I  have  therefore  illuftr^ted  it  with  a 
Scheme^  and  Ihall  be  as  brief  and  facile  as  pof 
iibie.    Therefojre, 

In  the  Triangle  ADE,  let  A  be  the  Summer-  j^^  y  j^ 
I/lands^  whofe  Latitude  is  3  2^  2  5',  AD  the  Com- 
plement thereof  57''  35',  let  E  reprefent  the 
Lizard  whofe  L^itude  is  $0^  00',  and  ED  the 
Complement  thereof  40^  00',  and  let  their  Dif- 
ference of  Latitude  J  namely  ^  the  A^le  ADE,  be 
70°  00',  nowDreprefenteth  tii^  North-Pole^  and 
AE  an  Arch  of  a  great  Orcle  palling  by  thefe 
two  Places  :  Now  fee  the  Operation  : 

1.  By  having  the  Complements  of  the  Lati- 
tudes of  the  two  Places,  viz.  AD  57®  jy',  and 
ED  40**  oo'j  and  their  Difference  cf  Longitude^ 
namely,  the  Angle  EDA,  70°  00' :  You  may 
find  the  Ncareft  Difiance  EA  to  be  53°  24',  by 
OJ^  9-  ^  if-  Chap.  $. 

2.  Then  having  found  the  Neareft  Diflance  |5j  0, 
lifi^Arch  EA  to  be  73^  24'  (or  3204iW//tfj,) 

^^  Angle  of  Pofition  from  fhe  Summer^yiands  to 


\ 
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tlie  iJzard^  namely,  the  Afigk  DAE,  may  be 
found  by  Ca/e  i.  §y.  C%.  J.  to  be  48^  48', 
that  is  N-  E-  and  05^  48'  Eafterly. 

5 .  And  alfo.  by  the  Cune  Ca/e^  may , the  DireS 
Vojition  ftom  the  Uzard  to  the  Summcr-lflands^ 
namely,  the -d/^i/ifAED^  be  found  to  be  81^  10', 
that  is  W.  Vy  N.  and  2^  25'  Wefterly. 

4*  In  order  to  the  iindiiig  the  Latitudes  and 
Longitudes  by  which  tlie  Jrcb  paflkh,  foil 
1^.51.  let  faW  the  Verpendicuiar  DBf  fb  h  tht  Qbii  que 
Triangle  AI)E  converted  into  two  Retiangulars^ 
viz.  ABD,  and  DBE :  Secondly,  by  CzfeZ. 
6  4.  Chap.  y.  you  may  find  the  Length  of  the 
Perpendicular  DB  to  be  59°  26',  whole  Cmple- 
ntent  is  Jo*"  34'  which  is  the  greateft  Latitude 

by  which  tlie  Arch  ABE  paf- 

feth  •,  fo  the  greateft  Olh 

liquity   Of    the    Equinoffial 

from  that  Grc/e  is  50"*  34'» 

~  Thirdly,  by  Ca/e  9.  ^  4. 

Chap.  5.  you  muft  find  the 

Vertical  Angles^   viz.  ADB^ 

andBDE,  which  will  appear,  the  J/^f/f  ADB  to 

be  j8^3i',andEDBtobe  11°  29':  Now  theft 

things  being  obuined,  the  Latitudes  by  which 

the  Jbr^r^paffeth at  every  loiii  deg.  o£  Longitude 

from  A,  may  be  found,  by  refblving  the  ftveral 

Right' Amled  Triangles,  viz.  BDc,  BDf,  (!fc.  fob- 

ftrailing  10°  from  ADB  58^  91',  there  remains 

BDc  48^  ?  i'  5  and  fo  for  the  reft,  as  in  ihtTable. 

Kow  by  knowing  thefe  Angles  laft  foond^  and 

the  T?erpendicular  BD  before  found  to  be  39**  26', 

you  may,  by  Cafe  ?.  §  4-  C*^.  5;.  find  the  Latl^ 

tudes  of  the  feveral  Points  A,  c,  f,  g,  h^  i,  B  and  E, 


F/^.51. 

BDc 

48" 

31' 

BDf 

38 

^l 

- 

BDg 

28 

31 

BDh 

18 

31 

|BDj 

08 

31 

to  be  as  ill  the  fubfegooit  Xi^/r. 


y.  Thu« 
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latitude. 

Longitude. 

A  32°  2j' 

00^      00' 

c  38  yi 

10        00 

f  4?  34 

20        00 

g  46   54 

30        00 

h  49  04 

40       00 

1    50   15 

50        00 

B  50   34 

60        00 

E  50  00 

70        00 

y.  -Thus  having  fbnnd  the  Latitudes  and  Lon^     ^  3* 
gitudes  of  the  ilrrft,  and  tlie  other  required  P^rx  . 

albre-mention'd  ^  we ■    ^ 

now  come  to  fiievr, 
how  the  Courfe^  and 
the  Difiance  from 
Place  to  Place,  accor- 
ding to  mifrcator^  - 
may  be  foAind.  So 
to  find,  firft  the  Ourje 
and  Dtftance  Ac,  now 
there  is  given  the  La- 
titude  of  A  32°  2$\ 
and  of  c  38^  51',  and  their  Difference  cfLon-  fig.  yi. 
//>»if  is  10°  00',  now  the  f  roper  Difference 
cf  Latitude  is  6,^  26'  or  386^  and  Meridional 
Difference  of  Latitude  is  475'.  Now  knowing 
thde  things  bj  Pr^.  2.  §  2.  C&^.  8.  you 
may  find  the  Gw/ir  from  A  to  c  to  be  N  E. 
Si*  38'^  andtheD5^/»7r^  Ac  to  be  622'  •,  and  fo 
thole  Rules  prolecuted,  will  Ihew  the  Courfe 
and  Diftance  from  c  to  f,  from  f  to  g,  frotn  g 
to  h,  &^c.  So  of  the  reft,  whidj  for  brevity  fake 
I  (hall  omit,  and  leave  the  Ingenious  Seaman 
to  calculate  at  his  Pleafure. 

I  midit  hereunto  annex  many  more  Vropojv- 
tionf  of  Circular-Sailing  ^  but  becaufe  of  tiie 
Cnallnefs  of  this  Treatife^  and  that  thofc  Pr^  . 
tofitions  already  handled,  being  by  the  Inge- 
nious Seaman  well  underfiood,  will  be  fiifficient 
to  enable  him  to  perform  airy  other  Concluiion 
in  Orcular^ailing  whatfbever,  I  therefore  licre 
omit,'  and  haften  forwards  unto  the  other  Parts 
of  this  Jl/latbematical  Trea/urjf, 

A  Til- 
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\a  tab  IE  of  Angles, 
Rhumb  makerh  with  the 


which  every 
Meridian. 


Tbefe  m  tbH  fide 
the  Mf  IE  s  r,  en. 
cUne  ttvutdt  the 

.  North-end  «^ri« 
MeriJiM. 

Rhumbs. 

N.  ft  bTwT 
N.N.W,  • 
N.V.fcbyN. 

Nortli-Veft 

N.W.&byW. 
W.  N.  W. 
W.  &  by.  N- 

Wes  t 

W.  &  by  S-  " 

w.  s.  w. 

S,W.fcbyW. 
Sottth-Weft 

S^W.  &byS. 

&S.W. 

&fcbyV, 

Rhumbs. 

7M^  on  tbiifide 
^AiWEST,  e«- 
diiie  uni9  the 
South-tniofibe 
MerUian, 


Aftglet  if  Wli" 
Mjuitm  with  tbe 
Meridian. 


K 

ORTH 

11° 

22 
33 

17' 

30 

■  45 

45f 

00 

$6 
78 

15 

30 

45 

90 

00 

78 

^7 
$6 

45 
30 

15 

45f 

00 

33 

22 
II 

.    47 
30 
I? 

S( 

3UTH 

ri6c)e  w  tWt  fide 
the  East,  e»- 
Wne  wtto  the 
North-en^  of  the 
Mtridiut. 

Rhumbs. 

N.  &byE. 

N.  N.  E. 
N.E.&byN, 

North-Eaft 

N.E.  &byE. 
E.N.E. 

E&byN. 

Ea  ST 

E.&byS. 

Ju*  d*  JD« 

S.  E>  ft  6y  E. 
South-Eaft 
S.  E.  &  by  & 

S.  &  by  R 
Rhumbs. 

liiefs  on  tbis  fide 
tbeEAsr^  ew- 
cline  towards  tbe 
Sduth-cod  ^  tbe 
WeriduB. 


I 


No^^  That  if  you  account  in  Quarter  of  Poines,  add  for 
Odc  Quarter  2°  48',  for  Oac  Half  5°  9/,  for  Three 

Quarters  8*  26^  (  net  rcgardiog  the  Secmit  in  Nr 

viwttion. )  . ^^ 

^~  CHAP. 
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CHAP.    II. 
Of  SURVETING 


IT  hath  been  a  Cofiom  among  Modem  Aa: 
thors  that  have  treated  on  this  Subje£t^ 
that  before  they  entered  on  the  Work 
It  felf,    to  give  the  Defcription  of  the  Inflxu- 
meiits  u£bd  in,  and  chiefl}r  appertaining  to  the 
Artof Surveying,  viz.i^Orcumjerentor^ 
the  Tbeoiolite^  the  Flain-Table^  and  the  5^«i- 
circ/e  y  concerning  the  Descriptions  of  which 
Inffaniments  I  ihall  not  here  treat,  but  refer  70a 
onto  thofe  Authors  that  have  largely  and  amply 
defcribed  them.    I  ihall  in  diis  place  only  de- 
mcmftrate  the  \J&  of  the  Semi-circle^  in  toeing 
the  Vhts  oi  E^clo/uresy  Champain-Vlainsj  Woods 
and  Mountains'^  divers  ways  ^  ^   and  alio,  in  *  ^iA 
taking  oiAcceJJible  and  Inaccejfible  Heights  and  ^^l^   . 
V>ifiances  :  And  alfo,  I  ihall  ihew  the  V£q  of  a  ,T/p/£ 
little  Inflruinent  calFd  a  FrotraSar^  in  die  de-  Uhk,  i 
lineating  on  Paper  the  Flot  dlz  lield^  ice.  which  ^fi^em  ms 
Infbnment  being  to  commonly  known,  and  io  '^  j?^ 
generally  ufed,  makes  me  omit  the  Delcriptian  jgy^^j^^i^ 
ik  thereof  as  iiiperfluous,  fir  snr* 

m  ^^ing  of 

^  Zand  'j  i.  c.  the  PUithTabU  for  fmaff  SnelrfMni^  ami  the  Semi-circiefir 
Cbampm  Flmt^  Woods  and  Motrntaws* 
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As  for  ycm  Cbm^  I  wou'd  have  you  have* 
it  made  of  good  iround  Wyre  ^  to  contain  in 
length  four  Foles  or  IPerch^  to  be  divided  into 
an  hundred  etpuil  Parts  calVd  JU/fAr. 

And  here,  before  we  enter  on  the  Work  it 
felf,  it  will  be  aecdlaij  to  undecfland  how,  by 
the  Frotra3o^j  to  lay  down  an  Angk  of  any 
quantity  of  degrees  propounded,  or  to  find  tfas 
quantity  of  an  ArigU  giv^i. 


S  E  C  T.    I. 

Of  tbe  "Vfe  of  the  Protra(2:or. 

,     .      • 

V 

P  R.  O  p.   h 

By  tbc  Vrotr^Gtor J  to  IProtraS  an  Angle  cf  any 
qurmtity  ef  degrees  frvpomiei. 

§  I.  AN  -^/<?  niay  be  laid  down  iafily,  accord* 
-LJL  ing  to  the  Diredlions  of  Trap.  5.  §  i.  C&.%f. 
but  becaufe  this  is  more  ufeflil  in  Sm 


%♦  J  2*  Know,  that  if  it  be  required.tt)  Protraft  vca  Angle 
of  Jo  deg.  having  drawn  the  line  AB  at  plea- 
ferej  place  the  Centre  of  your  Vrotrafhr  onQ 
and'  moving  it  \if  yont  FrgtraSh^'Fin^  until 
th?  MeridhntrHine  thereof  be  direftly  on  the 
BheAB,  thenirakeaMarkbythedrvifibnof 
50*=*  on  the  limb  of  the  Protrafftfr^  as  at  D,  and 
draw  the  line  CD,  fa  (hall  the  jMgk  DCJB  be 
an  Ang/e  of  50  dfgr^es. 

PROP. 
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§1: 


p  R  o  p.  n. 

Bf  the  TrotraSorglveay  to  Meajure  an  Mgleiivep. 


I 


I 

I 


This  is  performed  by  the  line  of  Cborfi  al(a> 
according  to  Frop.  6.  ^  i.  Chap.  ±.  and  by  the 
VrotraSor  is  found  thus  ;  Suppofe  DCB  were  %  52* 
an  ifervfZf  whofe  quantity  were  defired^  to  find 
which,  firft  the  Centre  of  the  YrotraUor  applied 
unto  the  Angular  Pomt  C,  and  its  Meridional' 
line  lying  juftly  with  C  B,  yoii  Ihall  perceive 
the  Point  D  to  touch  the  limb  of  the  Grcle  at 
50  ^<?.  /Therefore  I  c6nclude  the  Mealiire  of 
the  Angle  DCB  to  be  50  ^ees. 


t'  ■*  M       '*     ■  I    ^  I      wi 


SECT.    II. 

0/  the  manifoU  Vfe  </  //je  Semlrcircle,  /« 
/dli/i;^  fie  /Vott  offmaO  Bnchfmrtf^  PUius^ 
Woods  or  Mount  tins  t  divers  fVttys, 

PROP.    I. 

fliwo  to  take  the  Pht  tf  a  Fieli^  h^  the  Semi- 
circle, at  one  Station  taken  th  any  part 
thereef^  from  ntenee  aU  the  Angles  t^^  be 
feen^  and  mfafuring  from  -tU  Station  unto 
eve^  j&^lp  thereof  . 

SVppofe.  AB  C D  E  F  werq  a  Field,  ani  'tis    6  ». 
teqaued  to  tqjce  the  Plot  thereof :  Having 
placed  marlcs  at  all  the"  Angles  thereof,  and  Pa  yj. 
inade.  choice  of  your  Station,  which  let  be  K  • 
9C  which  ^ce  your  Inftfument,  and  turning 
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it  atout  until  the  NeeiJe  hang  6v«r  the  lAeri* 
iiaft  or  North  and  South-line  oTthe  Cfeflrr,  there 
fcrew  it  feft :  Then  direfting  yoar  fight  to  A, 
Wll  find  the  Degree  out,  by  the  Mexy  to  be 
40°  15':  Then  meafuruigK  A  with  jour  C&awr, 
5t  appears  to  be  5  Cbatasy  and  2o  Unkfy  whidx 
note  down  in  your  fieli-book  :  And  €0  do  hy 
all  the  r^,  untill  you  have  found  all  the  An- 
gles and  Difences  from  your  Station  Kt  to 
each  refpedlive  Angle  •,  which  finiflied,  yout 
Work  will  fbnd  thus  j 


Angiesi 

D 

40 

.M 

C 

5 

•L 

A 

'  15 

20 

B 

8S 

00 

6 

10 

C 

130 

00 

5 

50 

D 

200 

00 

7     00 

E 

2yo. 

00 

5     00 

|P 

,???. 

00 

5  1  20 

h 


5?. 


PROP,  a 

Haw  to  delineate  on  ta^r  am  Ohfervation  taken\ 
accorSxng  to  the  DoSrme  of  the  /a^  Propofition. 

Upon  your  Paper  draw  a  Line  to  reprefent 
thtMeridian-ihe^  as  M,  H-,.  then  placipg  the 
Centre  of  your  VrotraSor  on  the  Point  K,  lay- 
ing the  MeridioTi'line  of  the  VrotraSor  on  the 


c^er  Angles,  as  you  find  them  in  your  Table : 

TJiea 
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Then  mnove  your  VrotraSor^  and  draw  the  u  2. 
lines  K  A,  KB,  CJ'r,  This  done,  lay  down  on 
each  line  his  reQ)e(aive  Meafiire,  as  it  appeareth 
in  the  Tabic.  Laftly,  Draw  the  Lines  AB, 
BC,  i^c.  So  have  you  on  the  Paper  the  eiad 
Figure  of  the  F/^A/. 

This  Way  noiU/erve  very  rveUfor  anyfuch 
Field,  dofe  or  Common^from  one  Vomt  in  which 
you  may  fee  aU  the  Angles  •,  Provided  that  the 
Hedge  J  Bank^  or  whatever  Fence  it  be^run  ftraight 
between  every  Angle ^  and  not  waving  in  and  out : 
Injuch  Cafe^  this  Way  or  Method  is  as  good  as 
'  ^y  if  there  be  not  too  many  Angles. 

PROP.  in. 

fliw,  h  the  Semi-circle,  to  take  the  Plot  of  a 

fiela^  at  one  Station^  in  any  Angle  thereof 

from  whence  you  may  vieto  aU  the  other  Angles^ 

by  meafuring  from  the  St ationaiy- Angle ^  unto 

dU  the  other  Angles. 

Admit  A,  B,  C,  D  E,  F,  Q,  to  be  a  Field,  pr^  ,.^4 
whore  Pbt  is  required  :  Place  your  Semi-circle  ^"•^^ 
at  G,  and  turning  it  about  until  the  Needle 
hang  over  the  Meridian  or  North  and  South-^ 
line  of  the  Charts  and  there  Icrcw  it  faft  s 
Then  diredl  your  Sights  to  the  feveral  An- 
gles ,  viz.  B,  C,  D,  &c.  in  order  one  after 
the  other,  and  fo  Ihall  each  relpedive  Angle 
be  found,  as  in  the  fubfequent  Table :  Then 
with  your  Chain  meafure  from  your  Stationary^ 
/b^k  Gj  to  all  the  other  refbedtive  Angles  5 
which  done,  you  have  finiOied,  and  the  Work 
fiandeth  as  in  the  follbwine  Tii^/r. 

O  A^lcs. 
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Angles. 

D 

M 

c 

L 

B 

40 

00 

00 

C 

88 

00 

6  00  I 

D 

120 

15 

6 

40 

£ 

I6J 

00 

6 

30 

F 

193 

00 

3 

40 

A 

348 1  07 

4 

00 

%  54* 


PROP.  rv. 

Hew  to  Jeftfiedte  any  Obfervation  taken  according 
to  the  DoSrine  of  the  /aft  Propofition. 

Upon  your  Paper  draw  a  ftraight  line  as  M^, 
then  take  a  Point  therein  as  G,  to  reprefent 
the  Stationary-Angley  to  which  Point  apply  the 
Centre  of  your  VrotraOoTy  ( in  all  refpefts  as  is 
before  taught  ^ )  then^  according  to  the  Notes  in 
theTtf*/^,  prick  off  all  the  Angle33T7i>.B,Qe^r. 
according  to  their  due  quantity  •,  then  draw  all 
the  lines,  viz.  GB,  GC,  GD,  &c.  and  on  ttem 
place  their  refpedHve  meafiire,  (  as  appeareth  in 
your  Notes  •, )  lalily,  draw  the  lines  AB,  BC, 
CD,  &c.  So  is  there  on  the  Paper  the  exafi: 
Figure  of  the  iield^  as  was  required. 

This  Method  isfeldom  ufei  in  Surveying  an^ 
field  ^  becaufe  zoe  cannot  Ji and  jali  in  the  Corner^ 
by  reafon  of  the  branchir^  out  of  the  Hedges  : 
hut  where  ^tk  hounded  ttnth  hanks  and  T>iUbesy 
this  Way  is  iwry  commodious  andjhort. 


PROP. 


1 
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P  R  O  P.    V* 

Uow^  iy  the  Semi-circle,  to  take  the  T?lot  of  a 
Be/dp  at  tm>  Stations^  by  meafurir^  from  each 
Station  to  the  vifible  Angles  j  the  tie/d  being 
fo  Irregular^  that  from  no  one  ^lace  thereof  aU 
the  Angles  can  be/een. 

Admit  A5B,C,D,£3F,G,H5l,K,  toh^fig.  J5* 
die  Figure  ot  a  Fields  whofe  Plot  is  required  : 
Having  made  choioe  of  your  two  Stations,  viz. 
Q^and  P,  and  placed  Marks  in  all  the  Angles  ^ 
then  place  your  Semi-circle  at  Q^,  and  there 
fix  it,  with  the  Need/e  hanging  over  the  Meri- 
dian of  the  Char ty  reprefented  by  R,  Q.,  X,  and 
dired  your  S^ts  unto  all  the  vifible  Angles, 
viz.  A,  B,  C,  l3,  E,  and  F^  ahd  note  down  the 
quantity  of  each  ^  Angle  in  your  Field-book  - 
Then  meaiure  with  your  Chain  from  your 
Station  Q.,  to  the  Angles  A,  B,  C,  D,  E  ^ndF ; 
and  their  Length  fo  tound,  note  down  in  your 
field-Book  2iSSD. 

This  done,  direia  your  Sight  untoyow/econd  figi  jj,' 
Station  P.  and  note  down  in  your  Field-book  the 

^  Degree  or  Declination^  of  yourfecond  Station  P, 
from  tihe  Meridian :  Then  ffleafiire  the  Sta- 
tianary-Diftance  PQwith  your  Q^ain^  and  note 
it  down  m  ydiir  Fteldrhok  alfo- 

Then  remove  the  Inftrufnent  unto  P,  your 

fecond  Station^  and  there  fix  it,  with  the  Need/e 
hanging  over  the  Meridian-line  of  the  Chart ^  re- 
prefented by  T  P  B  y  then  direft  youf  Sights  to 
the  feveral  tMjible  Angles  at  t)^\B  fecond  Station^ 
viz.  F,  G,  H,  I  and  K,  in  order  one  after  ano- 
ther,  and  note  down  the  quantity  of  each 

O  2  Angle 
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Angle  in  your  Field-book  ^  then  with  your  Chain 
meafiire  from  yxjiir  Station  V^  to  th^fe  feveral 
Angles  G,  H,  I  and  K,  ( in  all  refpeds  as  at  the 
jfirjt  Station  Q^^  )  and  their  Length  fo  found, 
note  down  in  your  Field-Book  likewife :  So  have 
you  finilhed  your  Obfervation,  and  your  Work 
ftandeth  thus : 

The  Obfervation  taken  at  the  Tirfi  Station  Q: 


f??-  TJ. 


f               1 

Angles. 

D 

50 

M 

0 

C 

L 

A 

6 

60 

B 

80 

0 

7 

6$ 

C 

140 

12 

12 

0 

D 

220 

7 

II 

10 

E 

270 

5 

13 

60 

IF        , 

?3o 

0  1    61    0 1 

The  Declination  of  the  Station  P,  from  tfe 
Meridian  R  dX,  is  30^  bo',  and  the  Statio- 
nary Diftance  Q.?  is  9  Chains,^ 

The  Obfervation  taken  at  the  Second  Station  K 


R?-  5  J* 


Angles, 

D 

M 
II 

C 

L 

F 

227 

V 

^ 

G 

297 

0 

12 

0 

H 

347 

16 

9 

90 

I 

60 

0 

6 

0 

K 

90 

0 

6 

26 

Note,' 
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Note,  That  the  manner  of  takmg  the  §  2. 
Plot  of  a  large  Champai/i  Fie/d^  at  many  Sta- 
tions, is  almott  the  fame  with  thi^PropoJitioTi  ^ 
for  he  th*t  can  do  the  one,  can  alfo  perform 
the  other :  Therefore,  for  brevity-lake,  I  here 
omit  it,  as  fiiperfluous. 

PROP.    VI. 

How  to  delineate  any  Ohfervation  taken  according 
to  the  DoSrine  of  the  lafi  Propofition. 

Upon  your  Paper  draw  the  Meridian-line  f}g.  j  y  ^ 
R  (i  X,  tiien  place  the  Centre  of  your  FrotraSor 
on  CL  (reprefenting  your  firfi  Station^ )  and 
its  Msridiond-line  lajr  equal  to  R  QJL ,  then 
prick  off  the  Angle si^n^t  at  yoMvfirJi  Station  Q, 
viz.  A,  B  C,  D,  E  and  F,  of  their  due  Quan- 
tity;^  then  draw  QA^  QB,  &c.  laying  on 
them  their  correfponding  Meafure,  noted  in 
your  Field-book.  Now  becauie  your  feconi 
Station  P  doth  decline  30°  oo'  from  the  iWm- 
4iM  R  CLX,  prick  off  30^  00',  and  draw  P  Q, 
making  it  9  Chains^  as  in  your  Field-book  ap- 
peareth,  fo  doth  P  reprefent  your  fecond  Sta- 
tion :  Then  in  all  refpefts  as  before,  place  your 
Protraffor^tP  your  fecond  Station^  and  draw 
die  Meridian  T  P  B  parallel  to  R  Q^X  ^  then 
prick  off  the  feveral  Angles^  viz.  F,  G,  H,  I 
and  K,  of  thfir  due  Quantity,  and  then  draw 
P  F,  P  H,  P I5  ^c.  of  their  due  Length  5  laftly, 
draw  the  lines  AB,  BC,CD,  i!fc.  and  fo  Ihall 
Tou  have  on  your  Paper  the  eiaft  Figure  of  the 
Yields  as  required. 

This  Method  is  very  proper  to  be  ufed  ///Cliam- 
|^ij>pields,  or  in  large  Heaths  or  Commons. 

O  3  PROP- 
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PROP.    VII. 

Uow  by  /i^  Semi-cude  to  take  the  VIot  (j  aYteld 
at  two  Stations  J  which  lieth  remote  from  you^ 
vohen  either  h  Ofpojition  of  Enemies  you  may 
not^  or  by  jome  other  Impediment  you  cannot 
cbme  into  the  fame. 

J-    -^       Admit  the  Figure  A,  B,  C,  D,  E,  F,  tole  9 
^5-  >  •  pigi^  jj^^Q  which  by  no  means  you  can  pofliblj 
enter,  and  ytt  ot  neceflity  the  Plot  thereof 
muA  be  had,  for  the  obtaining  of  which,  chuie 
any  two  Stations^  it  mattereth  not  whether  near 
at  hand,  or  &r  of^  fb  that  all  the  Aisles  may 
be  feen :  Let  your  txM  Stations  be  H  and  L^ 
( the  full  length  of  the  Field,  if  poflible  )  then 
place  your  Injlrument  at  H,  and  fixing  it,  as  is 
afore-ihewed,  dire£l  your  Sights  to  the  feveral 
Angles  of  theField,u/-s:.  AjB^QCr,  orderly  one 
after  another,  oblerving  their  Degrees  as  is  afore^ 
taught,  noting  it  down  in  your  hieldrbook  ^  tbeD 
(ake  up  your  Infirument^  leavii^  a  mark  in  its 
room  at  H,  and  mea(ure  with  your  Chm  from 
H  unto  L  yoMtfecond  Station^  which  note  down 
in  your  field-book  5  then  placing  your  fo/?r«- 
ment  at  L  your  Jecond  Station^   and  (  as  is  be- 
fore taught)  fixmg  it  there,  make  the  like 
Obfervation    to    the    feveral    Angles^    viz. 
A,  B,  C,  D,  ^c.  as  at  the  frh  Station  H,  and 
pote  it  down  in  your  Yield-book  alfb :    And 
Jiaving  fb  done,  you  have  finifhed^  and  your 
Fofk  ft^deth  as  in  the  following  Table. 

pbfervi^^ 
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Ohfervations  at  the  Vtrft 
Station  H,  are^ 


The  Angle  from  H 
the  firfi  Station^  untp 
L  WRjeconi  Station^  is 
i8d^  oo^^  the  Stationary- 
Difianc^  HL  k  60 
Chains, 


Ohfervations  at  the  Se-^ 
coni  Station  L,  are^ 


I.  Angles. 

D 

104 

M 

0 

A 

B 

88 

7 

C 

59 

0 

D 

48 

0 

E 

26 

0 

F 

21 

30 

2.  Angles. 

D 

■ 

16 

M 

• 

0 

A 

B 

39 

0 

C 

50 

9 

D 

74 

0 

E 

100 

0 

If 

29 

15 

199 

§2. 
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PROP-  viir. 

Hato  /(?  delineate  any  Observation  taken  aceording 
to  the  Do3rine  qftne  laft  Proportion. 

Upon  your  Paper  draw  a  Line  as  HL,  which  f?^.  5^; 
make  equal  to  60  Chains  ^  then  placing  the 
Centre  of  your  Protra3or  on  H  jaaxfir^  Sta- 
tion, prick  ofF  all  the  Angles  A,  B,  C,  ^c.  as 
you  find  them  in  your  FtelJrbook^  and  draw 
HA^  HB,  HC,  ^c.  at  pleafiire  ^  then  remove 
your  ProtraSor  unto  your  feconi  Station  L, 
placing  it  as  beforehand  prick  off  all  the  Angles 
A^  B,  C,  D,  ^c.  as  jrou  fmd  them  in  your  Yield- 
notes,  and  draw  tlie  Lines  LA,  LB,  LC,  Vic. 
at  length,  until  they  interfed  the  former  Lines 

O4  HA, 


QJQO 

§5. 
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HA,  HB,  es^c.   in  the  Points  A^ByCyf^ci 
which  Foi/its  of  InterfeHion  axe  t\iR  Aag/es  of 
the  Field  \  laflly,  draw  A  B,  BC,  C  D',  ^tf •  So 
(hall  you  have  on  your  Paper  the  F^^ice  of 
your  Vield  required. 

PROP.    IX. 

How  by  the  ^mvQ\t(\t^totaketheVlot.ofagreat 
Champain-PIain^   Wood^  or  qther  aoer-grmj^n  ' 
Ground^  by  meajuring  round  about  the  fame j 
and   making   Obfervation    at    every    Angk 
thereof. 

Admit  A,  B,  C,  D,  be  the  Figure  of  a  large 
0oer£rown  Champain-Fteld^    whole  Plot   is    re- 

auired  :  Ttiv9i'^\zctjo\\xhiftrument  at  Allaying 
iie  Index  on  the  Diameter,  and  torn  it  about 
until  you  efpy  the  Angle  at  D,  and  there  fix  it 
faft,  and  dired  your  Sights  to  B,  and  note  the 
Degree  cut  by  your  Jndex^  in  your  Field-book^ 
(  as  afore  is  taught )  then  remove  your  Jnfiru- 
ment  to  B,  and  ttiere  make  the  like  Obfervation, 
and  fo  to  C,  and  D,  noting  it  down  in  youf 
¥ield'book^  as  afore  ^  Then  with  your  Qkun 
meafure  the  Sides  A  P,  B  C,  C  D  and  D  A^ 
whofe  Length  note  down  in  yoiix  Field-boo^  ^ 
and  fb  you  have  finifhed,  and  your  Wor^ 
ftandeth  thus : 


D 

M 

C 

L 

100 

o 

12 

20 

"7 

I5f 

10 

6 

71 

30 

19 

20 

71 

ly 

12 

20 

PROP. 
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§  2. 

PROP.    X. 

HofO)  to  delineate  any  Ohfervation  taken  according 
to  the  Dodrtne  of  the  laft  Propofitioii* 

Upoii  your  Paper  draw  the  Line  A  B,  at  plea-  fig.  57* 
fore,  anapkciiig  the  Centre  of  your  VrotraSor 
on  the  Point  A,  prick  ofF  an  Angle  of  100% 
and  draw  AD,  fetting  on  it,  and  alio  on  AB, 
dieir  correfponding  Meafiire,  in  your  Notes  j 
then  on  B  protraft  an  Angle  of  11 7**  15',  draw 
B  C  of  its  due  length  ^  then  draw  the  Line  C  JD : 
So  liave  you  the  exadl  Figure  of  the  F/V/i  on 
your  Paper. 

This  tf  the  general^  bejf,  anifureft  Way  of 
Surveying,  efpecially  of  large  Quantities  ofLana^ 
tjohich  conjift  of  divers  Parcels  ^  alfo^  when  toe 
take  the  Vlot  of  a  Lordjhip  or  HAmour^  voe  begin 
to  take  the  Boundary  or  Out-line  after  this 
Method^  obferving  (as  voe  go  round )  the  But- 
tings ojthe  Hedges  and  Banks,  alfo  the  CroJJings 
of  Roads  and  Ditches,  noting  them  down  in  the 
Field-Book,  with  their  Diftances  from  their  l^ 
proper  Apgle  ;  from  which  Notes  and  Objerva- 
tions,  the  "Principal  Line,  with  the  Buttings  cf 
the  Fences  or  DiviJIonary  Unes^  tffuch  Lordfhip 
or  Manour^  are  fir  ft  delineated,  in  order  to  the 
cutting  the  fame  into  its  true  and  proper  Divlr 
Jions. 

PROP.    XI. 

Bow  to  take  the  Plot  of  any  Fields  by  the  help  of 
' ,     the  Chain  only. 

Admit  the  Figure  A,  B,  C,  D,E5  to  reprefent  Fig.  $8* 

^  Fie}d  ^ho|e  1?]ot  ia  required  :  To  obtain 

whichj 
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^  2,  which,  firft  meafure  the  Sides  G  D,C  B,  and  B  D, 
and  note  their  due  Length  down  in  your  Fie/dr 
Book^  and  then  meafure  the  Sides  C  A,  and  B  A^ 
and  then  note  down  their  Length  in  your  F/VAf- 
Book  :  Then  meafiire  the  Sides  BE,  and  ED, 
(  for  the  Sides  BC  and  BD  were  before  known) 
which  note  down  in  your  field-Book :  So  is 
your  Yieli  A,  B,  Q  D,  E,  reduced  into  three 
Trianglesy  viz.  CBD,  CAB,  and  BED,  the 
Length  of  whofe  Sides  are  all  knowiu  Thus 
you  have  Bnifhed^  and  the  Work  i^ands  as 
70a  lee: 

SiJff.     Cb,  Un. 
Pi.  58*  In  theTrtan'\  Q^        |      ^7 


CA        4      .43. 


^j^Jr^'^ci    8  .28 


JI 


25 


PROP.  xir. 

Hew  to  ielineate  any  Ohfervation  tAken  according 
to  the  DoSrhe  of  the  lafi  PropoIItioa 


fig^  58.       Upon  your  Paper  draw  a  ftraight  Line; 

CD,  make  it  $  Chains^  ^  i  take  CB  in  your^ 
Con^Jfesy^adftnk^B^  ' 


Of  Surveying.  20  j 

BD,  and  with  that  extent  in  D  crofi  the  for-  §  % 
mer  Arch  in  B,  and  draw  BQ  and*BD  :  Then 
take  in  your  Qmfaffes  BE,  and  on  B  (hike  an  F7^.  58. 
ohfcure  Arch  s  then  take  D  £,  and^  alfo  croia 
the  former  Arch  in  £,  and  draw  BE,  and  ED : 
L^ftly,  take  the  Line  C  A,  and  on  C  fixike  an 
ohjcurc  Arch  \  then  take  AB,  and  on  B  inters 
fe^  the  forn^er  Arch  in  A,  then  draw  C  A,  and 
A  B  i  fo  have  you  on  your  Paper  the  exafl: 
Fi^e  of  the  YieU  A,  B,  Q  D,  £,  as  was  re* 
quired. 

The  beft  way  of  doing  it,  (as  I  find  by 
Pra£tice)  is  thus :  Draw  an  Eye-dra^ght^  as 
near  the  Ihape  as  you  can,  iiippote  ABE  DC  ^ 
then  meaiure  all  the  Sides,  letting  down  each 
•Meaiiire  upon  its  corrdpondent  Side :  This 
done  from  any  one  A^gle^  as  B,  (from  whence 
you  may  fee  all  the  teft )  meaiure  Diifgona/s^ 
letting  down  upon  them  their  proper  M^fiire ; 
from  which  rough-Draught,  as  weU  as  from  the 
Field-Book-Notes,  the  f/>W,  Courts  Tard^  9cc. 
may  be  Plotted. 

Thk  Method  is  wry  exa3  and  true^  and  very 
proper  for  a fmaUEnclqfurc^  or  for  aCourt^Tara^ 
Garden^  or  the  likCj  where  there  are  not  many 
Angles. 

SECT.    III. 

Of  fi^Jing  the  Area  or  fuferficial  Content  of 
any  FteU  lying  in  any  Regular  or  Irregular 
Form ;  iy  reducing  the  Irregular  Fields  into 
^  '-""^Regular  Forms. 

HAving  already  fhewed  how  to  take  die     §3^ 
Plot  of  ^y  field  divers  Ways,  by  the 

.Semi^ 
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^  ^,  Semi-circle  and  Chaifiy^xiA  alfb  by  the  Prof  raff  or' 
h3W  to  delineate  the  Draught  thereof  on  Pa- 
per, &c.  I  come  now  to  ftiew  how  the  Area  or 
fuperjiclal  Content  of  a  Field  may  be  attained,  /.  e. 
how  many  Acres^  Roods  and  Perches  are  there- 
in contained.  To  which  end,  Know,  That  a 
Statute  Pole  or  Perch  contains  iSl  Feet  5  That 
40  qfthofe  Perches  in  lengthy  and  4  in  breadth^ 
makes  an  Acre  :  So  that  an  Acre  contains  160 
Verches^  and  a  Rood  40  Perches^  according  to 
the  Statute  of  3  3d  of  Edw.  L 
•  Now  the  Original  of  the  Menfiiration  of 
Xjtnd.  and  all  other  Superficies^  depends  on  the 
Menuiration  of  certain  Geometrical  Figures  5  as 
a  Triangle  ^Square ^  &c. "  which  may  be  meafiirei 
according  to  the  Directions  of  §  2.  Chap.  4.  of 
Geometry  i  It  would  therefore  here  be  fuper- 
lluous  to  make  a  repetition  of  things  already 
})andled :  I  (hall  therefore  omit  it,  and  come 
to  ftiew  how  any  Pield  lying  in  any  Irregular 
^orm^  may  be  Meafured  by  converting  it  into 
Regular  Figures  •,  for  it  feldom  happenetb,  but 
that  the  Plot  of  a  Field  is  an  Irregular  Figure, 
confifting  of  three,  four,  five,  or  more  Unequal 
Sides.  •    ^ 

If  it  be  a  Triangle^  it  is  Meafured  by  Chap.  4. 
§  2.  Prep.  3. 

If  it  be  a  Four-fiied  Irregular  Figure^  'tis  di- 
vided into  two  Trianglesj  as  in  Plate  4.  Fig*  5  9* 
The  Four-lided  Irregular  Figure  ABDC  is 
divided  by  the  Diagonal  AD,  drawn  from 
oppofite  Comers  •,  then  let  fall  two  Perpendicu- 
lars from  B  and  C  to  the  Safe  AD  :  This  done^ 
find  the^^ftf  of thetwo Triangles  K^T>^ ACTS -^ 
which  maybe  done  at  once,  {viz.)  by  Multiply^ 
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ing  the  Sum  cf  both  thd  Perpendiculars  by  Half    §  j; 
the  Bafe,  or  the  Whole  Bafe  by  Half  the  Sum  of 
the  Perpendiculars.     By  which  Rule,  the  Con- 
tent ot  the  Four-fided  Figure    or  Trapezium 
A  B  G  D  is  found  to  be  6  50  Verches. 

If  it  be  an  Irregular  figure^  'tis  Meafiired  by 
Chap,  4.  §  2.    'Prop.  7. 

P  R  O  P.    L 

Hoxo  to  reduce  any  Number  of  Vetches  into  Acres, 
dnd^  on  the  contrary^  Acres  into  Perches* 

•  To  find  how  many  Acres  are  contained  in 
ally  Number  of  Perches  given,  you  muft  con- 
fider  that  160  Perches  do  make  a  Statute  Acre  5 
therefore  if  you  Divide  the  Number  of  Perches 
propounded,  by  160,  the  Quotient  is  the  Num- 
ber oi  Acres  contained  therein  5  and  if  there  be 
a  Remainder  which  exceeds  40,  then  Divide 
it  by  40,  the  Quotient  fliall  be  Kooisy  and  the 
Remainder  P^rt-i^x.         *^  ^  *    .^ 

But,  on  the  contrary,  if  it  were  required  to 
find  how  many  Perches  are  contained  m  a  cer- 
tain Number  of  Acres  propounded  5  you  muft 
Multiply  the  Number  ofil^r^xby  160  •,  thePro^_ 
dud;  ihall  be  the  Perches  contained  therein* 

PROP.  n. 

To  reduce  Dimenjions  taken  in  Chains  andllnks^ 
into  Acres,  Roods  and  Perches. 

In  regard  we  generally  take  our  Dimenfions 
in  Chains  and  Unks^  diat  is,  by  Gunter^'s  Chain f 
(which  contams  4  Po/e^  or  100  Links,  as  before 

hat 
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^  3»  has  betti  noted)  it  w31  be  necellarjr  to  {hat 
you  horw  to  Qift  up  the  Area  of  a  Piece  rf 
land,  frompimenficHis  taken  in  thole  Deno^ 
minations. 

Suppofe  the  Four-Jided  Figure  A  B  C  D,  in 
Vlate  4-  %.  60.  was  Plotted ,  and  the  LengA 
of  the  Bafe  D  B,  and  two  Ferpendtculart  dropt 
from  A  and  C  to  be  as  in  the  faid  Figure^  as 
foUoweth,  xhz.  the  Baje  12  Qhcins^  48  IJnks^  or 
1248  Unks  s  the  Ijong  Verpendicular  8  Chamr, 
a6  JJnks^  or  846  Unks  ^  and  the  Ijfs  Verpen^ 
dicular  3  Chains^  94  L/;?;^^,  or  ^gi^Unks  .-vThen 
I  take  them  out,  and  place  them  aa  followeth. 

846  Great  Ferpendicular. 
394  Lefs  Ferpendicular. 


1240  Sum  cf  them. 


mm 


620  Half  Sum. 
1248  B4/?. 


.49^0 
2480 

1240 

620 


7.73760  ikrfx  ^i  Piir//. 
4 


-^-M-'^ 


2.95040  Ro(k[s  and Partu 
$8.0 16 0 0  Verchei  and  ¥drtt4 


■II  fciii 


*d 


And^ 
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And  here  N  or  e,  That  Ountcr^s  Chain  (as  be-  §  ^ 
fore  was  hinted)  contains  4  Statute  Po/e^or  loo 
UnAs  •,  lb  that  any  Number  of  C&tf/»  is  lb  many 
100  lj?iks  ^  as,  5  Cfe^i/f  is  Jog  Unks^  7  C&«;7  is 
700  hinks^^c.  And  further, you  are  toObferv^ 
That  160  Square  Statute  Pole  is  an  Acrjs^  eadi 
Vole  being  16  Fiwr  and  it  Now  'tis  evident, Ina 
Square  Chain  tiiere  is  16  Square  Pole  :  Divide 
therefore  160  X^  Square  Pole  in  znAcrey  by 
16  tht  Square  Pole  in  a  Square  Chain^  the  Quote 
is  10  the  Square  Chain  in  an  Acre.  But  every 
Square  Chain  contains  loooo  Square  Unks^  (for 
\i&  100  Multiply'd  by  100)  and  coniequently 
zaAcre  1 00000  Square  links. 

Hence  the  Reason  of  the  foregoing  Operation 
is  evident  5  fw  the  Half  Sum  o{  tne  Perpenii-^ 
cular  is  6  20  li^it j,  and  the  hafe  1 248  L/Vfitr, 
confequently  the  ProduQ:  773.760  5ji;rjr^  liati-. 
Now  becaufe  1 00000  Square  links  is  an  Acrc^ 
therefore  I  Divide  7737^?  ^  looooo  Li/Ti^j  •• 
But  to  Divide  by  looooo,  is  no  more  than  to  cut 
five  figures  to  the  Right  \  ib  will  the  remaining 
figures  on  the  Left  be  Ap^eSy  and  thole  cut  oS* 
to  the  Right  T  ^1 60  Hundred  tboupmdth  Parts 
oF  an  Acre.  If  tnefe  Parts  be  Muftiply'd  by  ^ 
and  from  die  ProdudE  five  figures  hd  again  cut 
ofFto  the  Rieht-hand,  thofe  on  the  Left  Ihall 
be  Roods^  ana  thofe  on  the  Right  Parts  of  a 
Rood.  And  if  thofe  £0  cut  off  be  Multiply'd 
by  40,  and  from  the  Produfl:  five  figures  be  cut 
dtF  to  the  Right-hand,  as  before,  thofe  on  the 
Left  are  Poles^  and  ttofe  on  the  Ri^t  Parts  of 
a  Pole.  .  In  the  preceeding  Operation,  there  is 
1  Acresy  iRoods^  ^B  Poler^  and  1600  Hun- 
dred tboufandtbs  of  a  Pole. 

PROP- 


i 
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^5*  PROP.    IV. 

To  reiuci  Statute  Meafiire   to  Cultomaiy^ 
C  contra. 

The  Statute  Vole  or  Verch  is  i6  i  K;^^  long  : 
"  Now  divers  Parts  of  England  ules  a  Pole  of 
1 8  F^^/  long  •)  others,  one  of  21  foot  •  and  fome^ 
of  24  Ew/  long.  ^  And  therefore,  to  turn  one 
Ibrt  of  Meafureiinto  another,  fuppofe  Statute 
into  Cuftoffuuy^  do  thus  :  Multiply  any  Number 
if  Acre s^  Roods  or  Perches  Statute  Meafiire  fy 
the  Square  i  Tards  or  Square  i  feet  in  a  Square 
Vole  of  the  Statute  Meaiure  5  the  ProduS  Divide 
fy  the  Square  i  tards ^  Square  i  feet  in  a  Pole 
^  the  Cuftomary  Meafiire  you  would  bring  it 
into  5  the  Quotient  gives  you  the  Acre s^  Roods  or 
J?erches  of  that  Cuftomary  Meafure. 

£  X  A  M  p.  I.  In  786  Acres  Statute  Meafure^ 
How  many  Acres  of  iZ  foot  to  the  Perch  ? 

N  o  T  E5  In  a  Statute  Pole  there  is  ^i  Tards^ 
that  is  II  Half  Tards  ^  confequently,  in  a 
Square  Statute  Pole  there  is  121  Square  Half 
Tards  5  and  in  a  Square  Pole  of  18  foot  there  is 
144  Square  HalfTards. 

786  ^rriT  J- Statute  Meafure. 
121  Square  hTaris  //7.«  Stat.Pol& 

786 

1572 

4-4  )_95_io6__^ 66q  Acres Cuflomarjr; 
870 
66       '' 

So 
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So  that  thtOiftomary  Acres  (at  i8  Foot  §3. 
to  rfie  Percb)  in  786  Statute  Acres^is  660^ 
and  T*w  of  an  Acre.  This  Overplys  Multiply 'd 
by  4,  and  the  ProduS  Divided  by  144,  gives 
Roods.  And  if  the  Remainder^  after  this  Divi- 
lion  for  Roods  be  Multiply'd  by  40,  and  the 
ProduS  Divided  by  144,  will  give  Perches  5  fee 
the  following  Operation  of  the  precedeing  Re- 
mainder : 

66 

4 


144^264  f  I  Rood* 


1^0 
1 44  J  4800  r  3  3  Perches. 

480 

\ 

I  I 

48  Remainder. 

So  that  786  Acres  Statute  Meafure^  is  ^^o 
Acres,  I  Rood,  3;  Perches  Cu^amary^  with 
ibme  fmaQ  Remainder  over. 

Note,  If  there  had  been  any  Roods  or 
Perches  with  the  given  Acres^  thai  jrou  muft 
have  tum'd  all  int6  Perches  $  and  having  Mut 
tiply'd  and  Divided  as  before  dire£ted.  Divide 
the  Quote  by  160  •,  or  elfe  by  40^  and  that 
Q)iote  again .  by  4* 

P  EXAMSt 
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^  ^'  ExAMP.  II.  U  6^9  Acres  Cuftomarjr,  at 
1 8  Foot  to  the  Verch  •,  Uw  many  Acres  Sta- 
tute  Meafure  >  x 

649  il^^j  Cufijomary. 
144  Sf.i Taris  Cuftom.  Tok^ 


^m 


2596 
5596 

121^93456  ^772 -Aftet Stat. 

87? 
286 


44  BfMMtitr, 

4 


121)176^1  Rwtf. 


3:5 

40 


i2ij22oo{iSFfrcbef^ 


990 


22  ReMMideTm 


So  that  in  ^49  Acres  CuflofMy^  at  18  Foot 
to  the  Perch,  there  are  772  Acres^  1  Rood, 
'I8  Fertihies  Statute  Mgajure. 

Tht 
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Hie  Realbn  of  this  Op^atioa  woold  be  §  }« 
more  evident,  did  we  Multiply  the  Acres 
hj  160  to  bring  them  into  Fercbes^  and  thofe 
Fetches  by  the  Squre  i  Tards  in  A  Perch :  For 
by  this  Way,  we  ihould  get  the  Square  iTards 
in  the  giveja  Namber  of  Statute  Acres  ^ 
and  then  it  would  only  be  Dividing  by  the 
Square  i  Tar  is  fti  a  CHliotHoty  Ferchj  and  fo 
get  the  Number  of  Cuftamary  Perches  in  tlie 
given  Statute  Acres  j  which  beiflg  Divided  hf 
160,  will  give  the  Cufiomary  Acres  reqnired. 
But  Multiplyii^  by  1 60,  and  then  Dividing 
again  by  the  &ine,  is  needlcis ;  becauie  the 
Quotient  would  be  the  fame,  were  thofe  Opera- 
tions omitted  ^  therefore  we  only  Multiply  the 
Statute  Acres  by  the  Square  i  Tards  in  a  Statute 
Ferch^  and  Divide  the  FroduH  by  the  Square 
i  Tards  in  a  Cujlo'mary  Ferch^  the  patient  gives 
tiie  Cufiomary  Acres  in  thofe  Statute  Acres. 

Note,  That  Cufiomary^  as  well  as  Statute 
Acres^  contain  160  Square  Ferch  •,  lb  that  the 
Diffiurence  is  only  in  the  Bigoeds  of  the  Fercb^ 


SECT-    IV. 

Of  the  Vft  of  the  Sertii-circle,  in  taking 
Altitudes^   Diflances^    &c. 

PROP,    t 

Haw  by  the  Semi*circle  to  take  an  AccejfibU 
Altkude. 


ADn 
is 


Dmit  AB  be  the  Height  of  a  Ta»vr,  which     ^  4. 
xequired  to  be  kaowa    Firft)  pladug 

•  F  2  your 
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■4  4.     your  Settn-cirde  at  D,  ( \*Ith  Ae  ilr^J  (loWn- 
wardsy  and  the  two  5/]gfcrx  fixed,)  place  it 

Horizontal  \  and  farew  it  faft : 

*  w^/V*  to  do,  is  no  Theil  move  your  W«,tm 

more  tbM  thns  \  with  a  the  Srgbts  thereof  70U  efpv  the  top 

Tbresd    aftd   viumnut  of  the  Tcwer  at  B,-  aDDQ  obferve 

fsftentd  0t  the  cmu  of  ^hat  liegree  the  lowet  part  of  the 

uSr&l:^^.  M^xcutt^K   and  tilt  wi«  be 

myne  the  Scmi-citdc  xiU  «mal  unto  the  Angle  at  D  50  ieg. 

the  Tijread  piMjeth A^ar^ft  Then  Meafure  the  Diftance  DA, 

9odcg.tbenfcrcwf$frjt,    yf^^ch  let.  be  200  Fcct.    Now  the 
sMd  n  u  HonzontaJ.  jj^^g,^^  ^^  ^j^^  ^^,^^,  ^  g^  j^  ^^ ^^j^ 

according  toC&.y.  §  2*  Prop.i.  thusi 

R?.  5i.  .    ^j  Sc.  r.  at  B  Jo''  00^, 

, .  T^  Log  CT.  D  A  299  Feet  •, 

S^  /J  S.  V.  at  D  50**  00', 
]^To.Lcs.AB  i$6r\Feet^  the  Height  of  the 
X:?tb^r  required. 

PROP-  n.  . 

HotJo  kv  the  Sebii-<:ix'cle  to  take  an  Inacceffiblc 
Altitude^  at  two  Stations. 

Let  A  B  be  a  Tamer  whofe  Height  is  required ; 
Having  placed. your  b^rument  at  £,  as  before, 
diitd  your  Sights  unto  the  Top  of  the  Tomer 
at  B,  and  fin&ig  the  Degree  cut  by  the  fodbr 
to  be  25°  43',  I  fay,  it  is  the  Quantity  of  the 
Angle  at  E.  Now  by  reafon  of  Water  or  filch- 
like  Impediment,  you  can  approach  no  nearer 
the  Bafe  of  the  Tovoer  than  D  5  therefore  Mea- 
fure ED,  which  is  found  to  be  5:12  Feet: 
.  Then  at  D  make  the  like  Obfervatiori,  and  the 
Ans^  at  D  appcamh  to  be  50^  go\  whofe 

Com- 
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Qomfiement  is  ^^  Angle  DB  A  40^*  ocy,  and  riw  §  4. 
CompUment  of  the  il;?^/?  E  2?°  4;',  is  the  Anik . 
EB  A  66^  17'  V  Now  if  the  lefferAjtgle  at  B  be*. 
taken  out  of  the  greater^  the  ^mawJer  is  26? . 
17',  the  Angle  EBD.  Now,  firft^  to  find  th©» 
Side  BD  of  the  Triangle  EBD,  67,  according 
to  Chap.  5.  ^  3.  Pr^/>.  i.  thus  :  .  > 

AsS.oiy.  EBD  26^  17',  ^fig.  61. 

ToLqg.cr.ED  $i2Feet*^ 

.&^^S.ofr.  atE23^  43; 
Ti? JLjf.  cr.  BD  465  T%  F^^r  required. 

Now  to  find  the  Height  of  the  Tower  A  B, 
lay,  according  to  Chap.  5.  §  2*  P^op.  2.  thus  : 

As  Radius  or  S  90% 
T^  Leg.  cr.  DB  4j6$  t%  E?^/^  found  j 
?^»&ofr.BDA5o^oo',  *    , 

To  jLjf.  cr.  B  A  356  t^  R/?/-  j  which  is  the 
Height  6[  the  Tt?ii^r  required. 

Note,  That  in  taking  ^ny  manner  0^  Alti- 
tude^ the  Heigl)t  of  your  Vifirument  muftbe 
added  unto  the  Height  found^  ^nd  that  Will 
give  you  the  true  Alt  nude  required 

PROP.     Illr 

Haw  fy  the  Semi-circle  tQ  take  an  InacceJJihk 
thflance^  at  two  Stations.  -^ 

Admit  A  and  B  be  the  i  too  St  at  ions j  from 
^ther  of  which  it  is  required  to  find  the  Diftance 
unto  ^Church  at  C :  Placing  your  Inftrufftent 
at  B,  die  Index  lying  on  the  Diameter^  and  di- 
red  your  Sights  unto  the  Church  at  C  5  fefteti 
yonr  Inftrument^  and  turn  your  Sights  abotit, 
amil  yoa  lee  dvqu^  ywrSigfits  joxa/eecTid 

P  3  Station 
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§  4;  StiriM  at  A^  fo  will  you  find  your  Mex  to  cut 
30^  oo',  which  is  the  Quantity  of  the  Afrg/e 
ABC  :  Then  M^alure  the  J^idance  AB,  which 
15  found  to  he  250  Tar  is  5  then  with  your  Iff- 
flriment  at  A,  make  the  like  Obfervat  ion  as 
before,  and  you  will  find  the  Angl^  B  A  C  to 
contain  50*  oo',  .Now  by  the  Third  Maxim  of 
Vidin  Triangles^  Qiap.  5.  §  I.  you  find  hUo  the 
Angle  ACB  to  be  loo^  00'.  Now  to  find  the 
Dijtance  AC  and  BC,  you  may,  by  their  op- 

fofite  Proportion,  according  to  Chap.  J.  §  3. 
Vcf.  I,  £nd  the  Dj/tance  orAC,  Aus : 

p^,  6i.       JLs  &  of  V.  at  C  ico^  00' 

To  Log.  cT.  AB  250  Tards  %  , 

So  ^s.  ofr.  3  30*^00', 

ToLqg.zv.KC  iriTardt:    Which  is  tlie 
Pjftance  of  the  Church  frpin  A. 

Now  to  find  the  Diftance  BC,  lay, 

4x  S.  of  r.  at  A  100^  oo\ 
To  Log.  cr.  AB  2yo  Tards  \ 
/5^*y&ofF:at  Ajo^oo', 
To  Leg,  cr.  BC  1944  Tards :   Which  is  tha 
Vjfiance  Qith^Station^itom  thtChurch  atC 

p  R  o  p.  rv: 

JKw  /^/frJ  the  Horizputal-Livi  (f.^tf  HiU  cr 
MoumaiTL  by  the  iSepii^cle. 

Lei  fig*  63  be  a  Moufftmn^  whofe  Uorizoittd- 
Line  A  B  is  required  to  be  found :  To  fe^ 
which,  pkce  you?  Jpftrument  it  A  j  and  b«- 
ving  caufed  a  Mark,  to  te  placed  on  the  Top  of 
the  Mom  tarn  at  C,  (of  the  juft  Height  of  your 
pjfirifmem)    thro  movt  y<w   W^4r  «ntjl 

through 


-  v_  . 


!: 


* 


J 
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through  the  Sights  thereof  you  efpy  the  Mark  §  4* 
at  C,  fb  will  you  find  the  Quantity  of  the 
Angle  CAD  to* be  50**  00',  and  by  confequence 
tiie  Afigh  ACD  to  be  40  00' ;  then  Meafurs 
up  the  UiU  A  Q  which  is  346  Tayds.  Now  ha- 
ving obtained  theft  feveral  things,  \is  required 
to  imd  the  Length  of  AD  part  of  AB  :  To 
findwhich^  iay^ 

As  Radius  ox  S.  ^Q\  F&-6?# 

To  Leg.  cr.  AC  346  feet  5 

So  is  Sc.  of  r.  at  A  50^  co'. 

To  Leg.  cr.  AD  222  r^feet  \ 

Now  feeing  the  KtU  or  Mountan  defcendeth  , 
on  the  other  fyje,  you  inuft  place  your  hiflru^ 
ment  at  C,  and  aired  your  $ights  unto  the 
Bottom  at  B,  and  the  Angle  D  C  B  will  be  found 
50^  00',  and  the  Aiigle  CBD  40**  00' :  Then 
Meafuring  down  the  Mountain  a»  C  B,  it  ap- 
peareth  to  be  415  feet  ^  then  have  you  the  An^ 
gles DCB,  andCBD. 

To  find  DB,  part  of  AB,  fay. 

At  Radius  or  S.  90%  R^  ^j; 

To  Leg.  cr.  CB  415  Feet ; 

S<7/xS.ofr.BCD  jo^oc, 

Jo  Log.  cr.  DB  318  Feet.  Now  AD  222  j% 
feet  added  thereunto-, produceth  A  B  540 1^ Feet^ 
whidh  is  the  Horizontal-Une  required  of  the 
Mountain  ACBD. 

ftO*  Note,  That  when  you  come  to^deli* 
neate  a  Field  wherein  are  UiUs^  you  rauft  pro- 
trad  the  Line  A  B,  inllead  of  the  Uypothenufal-       %^, 
Lines  AC,  and  CB  5  and  'twill  be  necellary  to 
diftinguifh  thofe  kind  of  Fields,  by  Shadowing     .     -^ 
tbeixi  off  with  UiUs  and  Dales. 

P4  SECT, 
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SECT.   V. 

Ho^  to  fnd  whether  Water  may  he  cwveyeJ 
jrom  a  Spring*  HeaJ^   unto  any  appointed 

Pldce. 

^  J,  np  H  E  Art  of  conveying  of  Water  from  a 
JL  Sprin£-Uead  unto  any  appointed  Plac«, 
hath  a  fpecial  refi^eft  unto  Meafuring  -,  and 
therefore  I  think  it  not  amifs  to  infert  it  in 
this  Place,  and  enroll  it  under  tlie  Title  of 
Surveying. 

In  the  Performance,  of  urhicb,  we  make  U(e 
'of  a  Water-Level  -,  the  Conftrudion  and 
Making  whereof  is  fufficiently  known  to  thoic 
who  make  Mathematical  Injiruments.  Now  if  it 
were  required  to  find  whether  Water  may  be 
'  conveyed  in  Fipes^  Sec.  to  any  Place  afli^ed: 
To  perform  whicli,  obferre  thefe  Rules. 

Firft,  At  ioTM  IQ,  2o»  30,  40,  60,  or  100 
Yards  diftance  from  the  Spring-Uead^  in  a  right- 
line  towards  the  Place  unto  whidi  your  Water 
is  to  be  conveyed,  place  your  Water-Ijevel^hd- 
ing  prepared  of  two  StatioaStaffs  with  move^ 
able  Vafres  on  eadi  of  them,  graduated  alfo 
after  the  ufual  manner  :  Ciufe  your  firft  Affl-^ 
.  fidnt  to  fet  up  one  of  them  at  the  Spring-Head^ 
Perpendicular  unto  the  Horizon:^  and  yaaxfe- 
cond  AJJiftant  to  erefl:  another,  as  far  frpm  your 
Water-Level  towards  the  Place  to  which  the 
Water  is  to  be  conv^ed,  as  your  Water-Level  is 
diftant  from  the  Spring-Head.  Now  theSf^nW- 
Staffs  in  this  order  erefted,  and  your  Water^ 
Level  placed  predfely  Horizontal^  go  unto  the 

m4 
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aid  of  the  ]>w/,  and  looking  through '  the  §  j/ 
Sights,  caufe  your  jirjiAffiftant  to  movp  a  Leaf 
of  Paper  up  or  down  your  Station-Staffs  until 
through  the  Sights  you  «fpy  the  very  edge  there^ 
of^  and  then  by  Ibme  known  fign  otfound^  inti- 
mate to  your  Affifiartt  that  the  Vzver  is  then  in 
its  true  Polltion  •,  then  let  the  JirJtAffiffant  note 
agaihil  \vhat  Number  of  f'eety  Inches,  and  Parti 
of  an  In^b  the  edge  of  the  Paper  refteth* 
which  he  mnft  note  down  in  a  Paper.  Then 
your  Water-Level  rei^iainine  immoveable,  go  to 
the  other  end  thereof;  and  looking  through  the 
Sights  towards  your  other  Station-Staff^  caufe 
your  fecand  Ajmant  to  move  a  L^f  of  Paper 
along  lAiQ  Staffs  till  you  fee  the  very  edge 
thereof  through  the  Sight Sy  and  then  cauft  him, 
by  fome  known  Jign  or  founi^  to  take  notice 
what  number  of  leet^  &c.  are  cut  by  the  laid 
Paper  ;  which  let  him  keep,  as  jo\x(  firft  AJJi* 
fiant  did.    * 

This  done,  let  your  firfi  Affiftant  bring  his 
Station-Staff  from  the  Spring-Head^  and  caufe 
yaat  fecand  AJfiftant  to  take  that  Staffs  znd 
carry  it  forwards  towards  the  Place  unto  which 
the  Water  is  to  be  conveyed^  feme  90, 40, 60^ 
or  1 60  Yards,  mid  there  to  ere^  it  fer^ndicular^ 
a3  before,  lettins  your  feconk  Affi^ant\  Staff 
fiand  immoveable,  and  your  frji  Affifiant  to 
ftand  by  it :  Thai  in  the  Midway  between 
your  two  Affiftants  place  your  Water-Lewi 
czadly  Horizontal^  and  looicing  through  the 
Sights  thereof;  caufe  your  firfi  Affiftant^  2xA 
after  that  your  feconiy  to  make  their  fev^a| 
C^ferv3tions  in  all  refpcfts  as  before. 

In 
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§  5.  In  this  manner  you  mufi  go  aloi^  from  the 
Spring'Ucady  to  the  Place  uiito  which  you  wou'd 
liave  the  Water  conveyed  ^  and  if  there  be  never- 
Ib-many  kvtt^HStationsj  you  inuft  in  all  of 
them  obferve  this  nianner  of  Work  precifely  : 
So  that  by  comparing  the  Notes  of  your  two 
Affiftahn  together,  you  may  eafily  know  whe- 
ther the  Water  may  be  conveyed  from  the 
Sprifig'Ueaiy  or  not,  by  calling  your  two  AJ^^ 
fiants  together,  and  cauiing  them  to  give  in  their 
Kotes  ofObfervation  at  tsiohStation^  which  add 
together  feverally  :  Then  if  the  Notes  of  the . 
feconi  AJfiftant  exceed  the  Notes  of  the  firfi 
Affiftant^  take  the/ejfer  out  of  the  greater y  aiid 
the  Remainder  will  fhew  you  how  much  the 
^pointed  Place^  to  which  the  Water  is  to  be 
conveyed,  is  Lower  than  the  Spring-Head. 


Notes. 

Station. 

Feet. 

!nch 

P£nt. 

1 

15 

2 

a 

•$o 

2 

1 

6 

•as 

?. 

I 

.  0 

^um*    1  18  1 

lo 

•7$ 

■     ■    ■     '    ■                 — r 

* 

KoT£S. 

Sunioti. 

Feet, 

iMCk. 

Farts. 

1 

> 

2 

•7S 

2 

'4 

0 

•as 

9 

3 

11 

•    0 

Sum 

21 

2 

.    0 

By  thefe  two  Tables  you  may  peioeivc,  that 
the  Notes  of  the^/I  AManty  coUeaed  at  his 
feyeral  Stations^  beii^  adfded  together,  amounts 
unto  18  Feety  ic  Inchesy  and  tw  or  J  oEsailncb^ 
and  the  AT^/^x  o{  youx  fecondAJMant.  coDefled 
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at  his  feveral  Statianfy  amouiits  untQ  2 1  ¥m^    §  y. 
2  inches  :  So  that  the  Number  oixhtfirfl  Affi- 
fiant\  Obfervations  being  taken  from  theTr-.         , 
r^ir^'s,  there  will  remain  2  fi?rjr^  3  liar/?/?/,  and 

iVa  or  k  ?f  ^'^  ^^^  '   -Ap^  ^^  "'"^  ^^  the  P/<?cr 
unto  which  the  Water  is  to  be  brought^  LoweiS 

tiian  tht  Spriftg-Uead^  (according  to  die  fleight 

Water-Level)   zxA  thtcefbrc  the  Water  may 

eafily  be  coaveyed  thitben    And  here  Obierint 

th&'Notes  : 

0^3r^  I.  Ill  yourPaflage  between  the5j5>r/>^. 

Head  and  the  appointed  flace^  from  Statioft  t^ 

/Station^  you  muft  obftrve  this  Order  j   That 

^OMifirji  Ajjiftant^  at  every  Station^  muft  ftand 
jtween  the  Spring-Head  and  your  Water-Level^ 
otherwife  great  Errors  will  enfiie. 

|0*  2.  That  if  the  NoPes  of  yontjirft  AJJifiant 
exceed  the  Xi?/^i  of  the  feconi  Affijiant^  then 
'tis  impoflible  to  bring  the  Water  from  that 
Spring-head  unto  the  appointed  Place  :  But  if 
tneir  Notes  are  equal,  it  may  be  done,  if  the 
Pifiance  be  iMit  mart. 

60*  3  •  That  the  moft  approved  Authors  con- 
cerning'this  Particular,  do  averr^That  at  every 
Mi/e^s  end  diere.  ot^fat  to  be  allowed  4 1  Inches 
more  than  the  Straight-Level^  for  the  Current 
of  the  Water. 

pO^  4,  That  if  there  be  any  Mountains  lying 
in  die  Way  betwixt  the  Spring-Head  and  die  Vlace 
to  which  the  Water  is  to  be  conveyed,  you  muft 
then  cut  a  Trench  by  the  fide  of  the  Mount mn^ 
in  which  you  »uft  lay  ^out  Ihfes  ^al  wkh 
-^fira^t  Watef^'Lewl^vrkh  dieformer  Allow- 
ance :  And  m  cale  there  le  a  Valt^  you  mofi 
then  nake  ^Tffmk  of  firMijg  Woad^w^llflndet- 
'  '  propt 
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§5-  PJ'P*  ^^^  ftrong  Pieces  of  Timber,  urell 
Pitdit  or  Leaded,  (  as  is  done  in  divers  Places 
between  Ware  and  London. ) 

|C5*  y.  That  when  the  Spring  will  have  too 
violent  a  Current^  you  mult  then  convey  your 
Water  to  the  Place  aiEgn'd,  by  a  Croohei  oi; 
Winiing^Une  ^  and  you  aUb  ought  to  lay  the 
Pip^x,  the  one  up,  and  the  other  down,  that 
thereby  the  Violence  of  the  Orr^»/ may  be 
ftopt. 


CHAP.    X. 
Of  MEASURING, 

Of  BcarJf  Glafs^  Tilings  Paviwg,  Timier^ 
StMe^  and  Irregular  S^liJs^  /neb  as  Geor 
metry  can  give  n^  Rule  for  the  Meafnring 
thereof. 


S  E  C  T.    I. 

0/  the  MeafuriMg  */  f«W,  GUfs,  Pavh^, 
Tiling,  &c. 

§  I.     "W  ^^ixvt  already,  in  the  4tli  Chapter  of  this 

Jl    Book,  and.^e  2d  ilr^off  tboreo^  apply "d 

Geometry  .to  the  finding  out  of  tibe  StS^r- 

fcid  Content  of  all  Regular  Staerfidet.    I  have 

alio  in  the  9di  Chapter,  and  tbe  3d  SeSian 

ibeieof, 
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tbeteif^  flicked  how  die  Superficial  Content  of    §  i# 
any  Irregular  Superficies  may  be  found,  by  re? 
ducing  them  into  Regular  forms  ^  which  I  have 
explamed  amply  in  that  SeQion^  I  ihall  there- 
£)re  here  be  as  plain  and  brief  as  is  pofiible. 

PROP.!. 

T!o  M0afure  aj?iece  of  hoards  tlank^  Glafs^  ftc. 

In  Mea&ring  oiEoardyGlafs^  &c.  Carpenters 
and  other  Mefhanicks  Meafiire  by  the  Footy 
1 2  Inches  unto  the  Foot  j  {o  that  a  Foot  of  Boards 
or  Glqfs^  contains  144  Square  Inches. 

Now  if  a  Piece  of  Boards  Plank,  or  Gla/sy^ 
be  required  to  be  Meafiired,  let  it  be  either  a  * 
TaraMcgram,  or  Tapering  Piece  :  Firft,  by  the 
Rules  aforegoing,  find  ^e  Content  thereof  in 
btches^  and  that  VroduS  Divide  by  144  -,  t£» 
Quotient  is  the  Content  of  that  Superficies 
in  Feet. 

PROP.  n. 

To  Meafure  Tilif^^  Flooring^  ttoofing,  aniVarti- 
ttoning-works. 

In  T//i^,  Flooring^  Roifir^y  and  Partitioning-' 
Toork^  carpenters  and  other  Workmen  reckon 
by  the  Sgudrey  which  is  10  Er^/  every  way  ^ 
ib  that  a  Square  containeth  1 00  Feet. 

Exam  p.  There  is  a  Roof  i^Feet  Broad  i 
What  Length  theretfJbaU  make  a  Square  > 

Divide  100  by  14,  it  yields  7  9  Feet. 

Now  if  you  have  any  Number  of  Feet  giveth 
and  the  Number  of  Squares  thertin  contain'd 

are 
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k  I,    an  ivqoired  y  Divide  diat  Number  hj  loo* 
tbe  Produd  is  Squares. 

p  R  o  P.  HI. 

To  Medfure  Paoif^,  P/aftering,    WMnfcatthi^y 
and  Painting-work. 

^1  Paving^  PliMering^  Wainf coning  and 
l*OT//;^-W(7r)t,  Mechanicks  reckon  by  the  Tarl 
S^f'O'  i  fo  each  Xari  is  equal  unto  9  S j«ar^ 
feet.  .  '  . 

By  the  Rujes  aforegoing,  fiiid  the  Superficial 
Content  of  the  Court ^  AUey^  Sec.  i^Feet  -^^whigh 
Divi4ie  by  9,  tbe  Quotient  is  the  Nun^ber  of 
lirif  in  that  Wcark  contained. 

PROP.  tr. 

Tojind  h(n»  )fianf  Imhes  in  Length  wiU  make  a 
S^iarei(0cf.    . 

£x  A M  p.  Suppofe  a  Piece  of  Bo2xd  orPhhk 
be  3  Inches  Broa4  5  Hof^  mm)  in  Length  xtoiU 
make  a  Foot  Square  ? 

Confider  that  in  a  Square  foot  there  ve  144 
Square  Inches  :  Divide  therefore  14^  by  3,  the 
Quote  is  48  5  which  fhcws,  that  aPitx:e  oiooanfJi 
Sff  Inches  Broad,  requires  48  In'thesy  or  4  foot  in 
IL.Q)gth,  to  make  a  foot  Square. 

Whence  -tis  mamfeft,  that  if  you  Divide 
i]t4  by  any  given  Breadth,  you  get  theLength 
tliat  will  make  a  foot  Squiire  of  >that  Breadth. 
The  reafbn  is  clear  •,  for  if  you. Multiply  the 
Divifor  and  ^ote^  that  is,  the  Length  and 
Br^dth,  the  ProduS  witt  be  144  the  Square 
Inches  in  ^  ^fuere.  Foot* 

And 
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And  after  this  manner  is  the  Ta  b  L  e  Upon 
the  Q)mmon  Twt^-E?^/  l^Us  made,  call'd  the 
Ta  B  L  E  of  Board  lAeafure  \  which  lhews,upon 
any  Breadth,  how  much  in  Length  will  make 
a  foot  Square. 


A    Table  oi  SodrJ  Meafure. 


1  Inch. 

I    1    2 

3 

4 

1 

^  1 7i 

■F 

\l'eet 

12 

6 

4 

3 

2 

2 

I 

I 

j  Inch.  1 

O 

o 

o 

o  1  4?    o 

8^ 

6 

.y 


From  this  Ta  B  L  B  it  appears,  that  if  a 
Piece  oi  Board  be  an  foc2?  Broad,  'twill  require 
12  F(^/  in  Lengdi  to  malv  a  foot  Sfuare :  If 
2  bi^bes  Broad,  6  Fb^r  in  Length  will  make  a 
fivf  Sp$are :  If  8  fi7ci^x  Broad,  i  Fooi  6  Inches 
will  make  a  F(vr  Square. 


^ 


SECT-    ft- 

Of  the   MtMfurimg,  of  timber^  Stont^  4ni 
^    Irregular  Solids. 

IN  Superficial  Meafure^  a  St^rfictal  foot  con- 
tains  1 44  Square  Inches  ^  but  in  Solid  Meafure^ 
a  fo(a  contains  1728  Cubick  Inches.  Noir 
havinp  already,  in  the  4di  Chapter  of  this  Ba^k^ 
and  the  ^d  d^^^/r  thereof,  largely  apply^d 
Geometry  linto  the  Meafiuriqg  of  all  Kcgular 
Solids  I  I  (hall  therefore  in  this  Place  £e  aa 
brief  as  poJBdble,  only  I  ihall  be  ibmeUrhat 

larger 


k^ 
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S  2»  larger,  in  the  Menluratipn  of  Irregular  SoRdsy 
which  15  of  fpecial  Moment  in  fundiy  Parts  of 
the  Mathematical  PraHices. 


m  • 


P  R  O  P.    1. 

Hctp  tQ  Meafure  any  kind  qfTimh&j  or  Stone^ 
'  whether    Three-fquare^    Foursquares   Manjf- 

•  fqtiare^  Raund^  or  of  any  other  fa{hion^  pro- 
vided  it  befirMigbt  and  equal  aU  along. 

•  To  perform  which,  firft,  by  the  Rul^  afore- 
going in  Chap.  4.  §  2.  get  the  Superficial  Content 
at  the  End,  and  then  lay,  « 

As  144,  the  Inches  of  the  Superficial  Content 

of  the  End  of  a  Cuhick  Foot^ 
To  a  Cubick  Foot  containing  looo  Varts  ^ 
So  is  the  Superficial  Content  of  the  End  of  any 

Piece  of  limber y 
To  the  Solid  Content  of  One  Foot  Length  of 

the  faid  Piece  of  Timber. 

.  Acmrding  to  which,  Mr.  Fbilips  calculated 
'  the  enfiiing  Ta  b  l  e,  which  I  have  thought  fit 
hereunto  to  annex. 

C  A  8  E  II.    Or  the  Solid  Content  in  Feet^  Sec 
may  be  found  otherwife^  thus  : 

By  the  Rules  aforegoing,  find  the  Content  of 
the  End  of  the  Piece  of  Timber  in  Inches^  whidb 
Content  Multiply  by  the  Length  of  the  fiid 
Piece  of  Timber  or  Stone  in  Inches^  and  that 
Pra£i^ff  Divide  by  1728,  it  produceth  the  Solid 
Content  o[  that  Piece  of  Timber  or  Stone^'m 
Bet,  and  Porn  of  a  Foot. 

A    TA- 
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A  TilBLfi,  (hewing  the  SoEd  Content 
df  One  Foot-length  of  any  Piece  of  Tim- 
ber, according  to  the  Superficial  Content 
at  the  End  thereof. 


« 


i 
3 
4 

.  5 

6 

7 
8 

9 

10 

io 
3o 
40 

6o 

70 
8o 

90 

loo 
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^ 
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o 
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> 


*- 


7 
H 

21 

28 
49 

$6 

62 

69 

139 

208 

278 

347 

417 
48J 

^25 
^3±. 


g  900 
1 1006 
0  2000 

1^3000 
y  4000 
■I  ^000 
•5  6000 

8000 

9000 

1 0000 

2COOO 


§2, 


PROP.    II. 

To  Msafure  'Round  Timber  vohicb  is  UoUow^  or 
My  other  HoUow  Body. 

If  HoaooD  Timber  be  to  be  Meafured^   firfl 
Meafure  the  Stick  as  thou^  it  were  not  Hollow^ 

Q  then 
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§  2.  then  find  the  Softdity  of  the  Concavity  as  though 
it  were  MaJJie  Timber  ^  then  Subftradt  this  laft 
found  Content  out  of  the  whole  Content  before 
found,  the  Remainder  is  the  Content  of  that 

hoUavo  Body. 

P  H  O  P.    III. 

'  To  Meafure  Tapering  Timber^  or  Stone. 

Thofe  Tapering  Bodies  are  either  Segments 
cjf  Cones^  or  Pyramids :  Now  the  Way  toMeafure 
liich  Bodies^  is  demonilrated  in  U)ap.  4.  ^  ?• 
Pm.  4,  and  y. .  But  now  to  find  the  Content  of 
thefe  Segments,  do  thus  :  Meafure  the  Solidity  of 
the  whole  Cone^  or  'Pyramid,  and  then  find  the 
Content  of  the  Top-part  thereof  cut  ofi,  (as  if 
it  were  a  G?/7^  or  Pyramid  of  it  felf )  and  the 
Content  thereof  Dedu£t  from  the  Content  of  the 
whole  Cone,  or  Pyramids  fo  ftiall the R^/ff^/W<f /• 
•  be  the  Content  of  the  Segment  required  :  which 
reduced  into  Feet^  gives  the  So/id  Content  of 
that  Piece  of  Timber  in  Feet.  Now  to  find 
the  Length  of  the  Top-part  cut  off,  firom  the 
Cone^  or  Pyramid^  fay, 

As  the  Difference  of  the  Breadth  cfthe  two  Ends^ 

To  the  Length  betvscen  them  5 

So  is  the  Breadth  of  the  greater  End^ 

To  the  whole  Length  oftloe  Cone^  or  Pyramid, 

P  R  O  P.    IV. 

How  to  find  the  Solid  Content  of  any  Solid  Body^ 
in  any  ftrange  form,  fuch  as  Geometry  can 
'give  no  Rule  J  or  the  Meafuring  thereof. 

Tliefe  flxange  Forms,  are  either  Branches  in 
Mstal^  Oovins^  Cups^  Bowles^  Pots,  Screws,  or 

Twifled 
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TwJfted  BdOifters  \  or  any  other  '    §  ^. 

Irregular  So/idj  that  keep  not  in         *  ^  Wbofe  ^Surface    is 
thicknefs  one  quantity,  but  are    funded  by  a  Line  caffd 
thicker  in  one  place  than  in  ano-    ^^^if'^^^f^^^^ 
ther,  fo  that  no  Man^  by  Ge<^    ^  ^^x^^  ^  \J^fl   ^ 
tnetry^  can  poffibly  Mealiire  their    Wnatb^  &c. 
Solidity. 

Now  for  the  firiding  Ae  Content  of  any  fiich* 
like  Irregular  Body  in  Inches  or  Feet^  do  thus  : 
Caufe  to  be  made  a  HoUow  Cube^  or  Parallelo^ 
pipedon^  fb  that  you  may  Meafure  it  with  an 
IncJyRule  without  difficu  Ity  ^  and  fb  to  know  the 
true  Content  ofthe  Whole,  or  any  Part  thereof,  at 
pleafiire,  within  the  Concavity  :  Then  take  fbme 
other  convenient  Veflel,  and  put  pure  Spring- 
Water  therein  •,  then  having  fiird  tlie  Veflel  to 
a  known  Meafure,  nuke  a  Mark  preciiely 
round  the  very  Edge  of  the  Water,  then  take 
the  So/id  Body  and  put  it  therem  ^  men  take  out 
as  much  of  the  Water  as  (by  means  of  the 
Body  put  therein)  is  arifen  above  the  Mark, 
until  the  Water  do  juftly  touch  at  the  Mark 
again  :  Then  put  the  Water  taken  forth  into  the  . 
Hollow  Cube^  and  find  the  Solid  Content  thereof 
(  being  transformed  into  a  Cubic k  Body)  infeet^ 
Inchesy  and  ¥arts  of  an  Inch :  Which  Content 
is  the  juft  Solidity  of  the  Body  put  into  tiie  Water. 

•  ( Archimedes^  by  this  Propofition,  found  the 
Deceit  of  the  Crovon  cfGold^  which  Gelo  the 

.San  of  Hiero  had  vowed  unto  his  Gods  5   now 
the  WiMrkmcn  had  mixeSi  Silver  with  the  Gold:, 

was  difcovered  by  the  great  Skill  *«f«Pro- 
f  ^. )     And  herein  you  muft  be  ^|°';  ^^• 
va  J  vu^iuua  riot  to  (pill  any  ofthe  Water,  or  vitruyius, 
ta^e  out  of  the  Veflel,  or  put  into  the  Uoflow  /.  9.  t,  |. 

a  2  Cube, 


22B  Of  Msafurmg. 

§  2.  CubCy  any  more  than  the  juft  quantity  arifen 
above  the  ^  Mark  -,  for  if  you  do,  it  will  pro- 
duce infinite  Errors :  And  thus  may  the  Solidity 
of  any  Irregular  Body  be  found, 

P  R  O  P.    V. 

To  find  how  much  in  Length  of  any  Square  Fiecc 
ijoiU  make  a  foot  Solid. 

Ex  A  MP.  T.  A  FieeerfTmber  is  S  Inches 
Square^  ( con/equently  the  Area  is  64  Inches  ) 
Mow  much  in  Length  tioitt  make  a  Foot  Solid  ? 

Remember,in  a  Solid  Foot  are  1 7  28  Solrd  Inches ; 
Divide  tl*refore  1728  by  64,  tne  %fote  is  27 
Inches^  that  is  2  Voot^  3  Inches^  the  Length  that 
will  ma(ke  a  Foot  Solid  upon  8  Inches  Square. 

If  the  Piece  be  not  exaaiy  Square,  the  thing 
differs  not  5  for  the  Jrea  ottht  Oblong  mu&  be 
found. 

Exam  p.  II.  A  Piece  of  Timber  is  9  Inches 
one  way^  and  4  Inches  the  other^  (confequently 
the  AiesL  is  ^6  )  Hauo  much  in  Length  mU  make 
a  Foot  Solid. 

Here,  as  before,  I  Divide  1728  by  36,  the 
^ote  is  48  Inches^  that  is  4  Foot^  tne  Length 
that  will  make  a  Foot  Solid.   • 

The  Reafon isplain  5  for  the  Breadth Multi- 
ply'd  into  the  Thicknefs^  is  the  Divisor  5  and 
that  Multiply'd  by  the  ^ote^  which  is  the 
Lengthy  will  make  1728  the  Inches  in  One 
Solid  Foot. 

And  thus  is  the  Table  of  Timber  Meafure^ 
put  on  the  Common  Ttoo^oot  Rttles,  made^ 

which 
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xyhich  fliews  how  much  in  Length  tjiny  exaft  ^  §  2, 
Square  P;ece  will  mgice  a  R?^/  5^?//^ 


A    TAB  LE  of  Timler  Meafure. 

In.  Sq.\ 
teer. 
Inch. 

I 
144 
,  o 

_2l  3.   4l 
36  16    9 
0     0'  0 

_1 

5 

9.V 

6 

_4 
0 

1  7 
2 

8 
2 

1  9 

I 

10 

I 

The  Ufe  of  this  Table  is  thus:  If  a 
Piece  of  Timber  be  8  jfa^fe^j-  Square^  it  fliews 
yoii,  that  2  Foot  3  fori^j  iii  Length  will  make 
a  fJw?/  5^//i :  If  it  be  9  l;7^&^i',  then  you  will 
find  that  i  Foot  9  Inches  ^  of  an  Inch  in  Length 
will  make  z  So/id  Foot. 


CHAP.    XI. 
Of  GAUGING. 


IN  Gauolng,  there  are  Two  things 
chiefly  neceflary  to  be  noted,  yet  both 
controverted*  ift.  That  feeing  all  manner 
of  Casks  made  to  hold  Liquor  in^  are  for  the 
moft  part  the  Trunk  of  a  Spheroid^  cut  off  with 
two  Circlesj  at  Rightang/es  with  the  B^^  and 
tiierefbre  Irregular  5  Therefore  they  muft  firft 
be  reduced  into  a  Regular  fmortm^  — • — • 

a?  And 
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And  the  ad  thing  neceflary  to  be  noted,  is  to 
find  the  true  Quantity  of  an  AJe^  or  Wine- 
Gallon^  in  Cubick-lnches  or  Yarts  of  a  foot  ^ 
that  thereby  tlie  Content  of  the  T^/  or  Casky 
in  Gallons^  may  be  known. 


»«•■ 


SECT.    I. 

Of  Gauging   any  Beer^  Ale^   or  Wine  Cask^ 
alfo  any  manner  of  Btewers  Thhs. 

PROP.    I. 

Tofini  the  Solid  Content  in  Incbety  of  any  Cast. 

§  I.  T  Shall  follow  Mr.  Ought rei\  Method,  which 
Jl  is  •,  Take  the  Diameter  of  the  Cask  botfi  at 
Ueai  and  *Bung^  by  which  find  the  Area^s  of 
their  Circles  j  which  done,  then  take  Two- 
thirds  of  the  Area  of  Ac  Bung^  and  One-third 
of  the  Area  at  the  Head  ^  whicn  added  together, 
ftiall  be  the  Mean  Area  of  the  Cask  \  which 
Multiply'd  into  the  Length  of  the  VefleJ,  it 
will  fliew  how  many  Solid  Inches  are  contained 
therein. 

Ex  A  M  p.  Suffofe  the  Diameter  at  the  Head 
ef  a  Veffel  be  i8,  and  at  the  Bung  32,  and 
Length  is  40  Inches. 

Kow  I  find  the  Aggregate  of  the  two  Orcle^ 
to  be  620  and  ^%<)Cuhicklnches\  which  Mul* 
tiply'd  by  40  the  Lengthy  produceth  24839  t^ 
Cfibick  Inches,  for  the  whole  Content  of  that 
Cask  i»  Cubick  Inches^ 

^  ^  '  PROP. 
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§  I. 

P  R  O  P.    11.      ^ 

Tojatl  the  Content  of  a  Veffel^  in  Wine  or  Ale* 
gaUons„ 

• 

VrnWine-Qalbn  is  eftablifliM  by  the  Confent 
of  Artijis^  in  thefe  and  other  Nations,  to  con- 
tain  231  Cubick  Inches '^.      Yet       ^'       .^  ^    u*   j  . 
Dr.  Wybc^d  affirms  it  to  be  forn^    J,^  T^^f^'^^ 

What  lefs,    to  wit,   225    at  moft.     Proportion,  pag.  57     and 

The  Ale-GaUon  contains  282  Cu-    Mr.  Edm.  Guntcr  h  bu 
bick  Inches^    according    to    the    ^  ^/  ^[^  CrofsSuif, 
mzhXiihmeat  o^ Excife.     Herein    ^^'^^- ^*^f-4- 
Artifts  differ  fbmewhat  in  their  Eiporiments. 

Now  having  already  Ihewed  how  to  find  the 
Content  in  hchex  of  any  Cask^  I  now  cpme  to 
Ihew  how  to  find  t\xQ  Content  in  Gallons^  c£ 
any  Beer^  Ale^  or  XVine-Cask^  which  is  thus : 
Divide  the  Number  oi  Inches  g^ven  by  231 
for  Wine  Meafure^  and  282  for  Ale  Meafure. 
In  the  former  Example  I  find  tlie  faid  Cask  to 
contain  IC7,  5  ?  lVine<jaUons^  and  88,  8,  ^c. 
Gallons  in  Ale  Aleajure. 

PROP.    III. 

Haw  to  Gauge  or  Meafure  Brewers  Tuns^  tec. 

Thole  Tuns  are  moft  commonly  Segments  of 
Cones  or  Pyramid^  whofe  Ba^s  is  either  a  Square 
Faralle/cgranr^  Grcle^  6t  Oval  5  To  Meafiire 
which,  let  their  Form  be  what  it  will,  you  muft 
do  thiu :  By  the  former  Rules  of  Meafiiring  iiicfa 
Segments  ox  Bodies^  you  muft  find  theii;  Solid 
Content  in  Cubick  Inches^  (as  in  Chap.  10.  ^  2, 
Vrop^  3.)  which  Omtcnt  Divide  by  282  Inches 

Q.4  i^ 
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^  I.  (the Inches  in  Ojie  GaUon )  it  (heweth  the  Cotf 
tent  in  Gallons  ^  and  Dividing  the  Gallons  hy 
36  (the  Number  of  Gallons  in  a  Barrel)  it 
fhews  the  Content  in  Barrels. 


SECT.    IL 

0/  Gauging  or  flfeafnring,  and  tbt  Moulding 

oj  Ships. 

PROP.    I. 

To  Gauge  a  Shlp^  thereby  to  find  how  nta/ry  Tuns 
her  Burthen  is, 

^  7>  T  N  the  Gauging  or  Mcafuring  of  Ships^ 
X  Naupegers  ( or  Ship-wrights )  obferve  ttefe 
Three  particular  Rules  :  l^.  That  if  you 
Meafure  the  Ship  votthiny  you  Ihall  find  the 
Content^  or  the  Burthen  the  Ship  will  hold  05 
take  in.  7dly.  If  the  Ship  be  Mea/iircd  on 
the  outjide^  to  her  light  mark  as  fhe  fwims  be- 
ing unladen^  you  fhall  have  the  Content  of  the 
Empty  Ship.  ^dly.  But  if  you  Me^lure  from 
the  light  mark,  to  her  full  draught  oi  Water  be- 
ing laden^  you  fhall  have  the  true  fiurfben  of 
th^Ship. 

Now  to  find  the  Content  of  the  ^ueen\  Royal 
Ships  ^  Meafure  the  Length  of  the  Keel^,  the 
Breadth  of  the  Mid-Jhip  Beam^  and  the  Depth  oi 
the  Hold :  Which  three  Multiply  into  one  ano- 
ther, and  Divide  their  ProduShy  100  j  fb  fhall 
you  find  how  many  Tuns  her  Burthen  is. 

But  for  Merchants  Ships^  whidi  give  no  Al- 
lowance fot  Qrdn4ttfe^   Mafts,  Sai/s^   Cables, 

:>    •  Jinchorsy 
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Anchors  J  &c.  which  are  all  a  Burthen ^  but  no     §  2. 
tonnage ^  you  muft  Divide  the  Vrodutt  by  95, 
fb  Ihall  their  true  Burthen  be  found, 

p  R  o  p.  ir. 

By  knowing  the  Meafure  of  a  Ship  of  one  Burthen^ 
to,  make  another  Ship  oj  the  J  ante  Mouldy  which 
jhall  be  double^  or  triple^  or  in  any  Proportion^ 
either  more  or  Itfs  than  the /aid  Ship. 

Fijrft,  you  fliall  Multiply  the  Keel  CubicaUy^ 
and  in  like  manner  every  Beam  -,  the  Mid-Jhip 
Beams^  Multiply  them  CubicaUy  5  and  alfo  the 
Reaking  of  the  Ship,  both  at  Stem  and  Stem- 
Toft^  Multiply  them  CubicaUy  5  likewife  the 
principal  Timbers^  that  doth  mould  the  Ship^ 
Multiply  them  CubicaUy  5  and  the  Depth  of 
the  Hold^  Multiply  it  CubicaUy  ^  and  fb  confe- 
quently  every  Place,  or  Places,  which  doth 
lead  any  Work,  Multiply  them  CubicaUy :  Then 
if  it  be  required  to  have  a  Ship  as  big  again, 
or  thrice  as  big,  double  or  triple  each  refpettive 
Cubical  Number  :  Then  hjCbap.  J.  §  I.  Vrop.  9. 
or  by  Chap.  2.  §  2.  Prop.  4.  find  the  Cube-Roots 
thereunto  belonging  :  Then  according  unto 
thefe  refpedlive  Numbers  make  your  Keel^ 
your  Timber s.^  Beams ^  ^c.  Which  being  done, 
you  (hall  make  a  Ship  of  the  Mould  and  Propor- 
tion delir'd. 

The  Demonftration  of  this  laft  Proportion  de- 
pends upon  the  33d  Prop,  of  1 1  of  Euclid^  where 
Vis  prov'd.  That  all  Sifmiar  Solids  are  in  Triplicate 
Ratio  to  that  of  their  Homologous  Sides  5  that.is, 
th^y  are  to  each  other  as  the  Cubes  of  their 
Viameters. 

CHAP, 
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CHAP.    XII. 
Of  DIALLING^ 
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Orologiooraphia,    or  the  Art 
of  D  X  A  L  L I N  G,  is  an  Art  Mathema- 
tical^   which  demonftrateth   the  precife 
DifiinSion  ojTmes^  by  the  Sun^Moon  and  Stars^ 

whereby  the  Time  of  the  Day  or 

*  Which  doth    appear  to     ]\rj^hf  ^^y  ^^  Anawn  ^.      NoW 

reM%"Ki^^^^^^  the  Demonftrative  Delineation 

mu  This  J^t  requirethiood  of  Dials,  coiififteth  chiefly   in 

skit  in  Geometry  xni  Aftro-  the  finding  out  the  Hour-Lanes, 

nomy.   Vow  Ctcfibius  f*4r  an^   their    trae  Diftance  one 

famm  ''^"f /J'  ;«'^^^^^^^  from  the  other  •,  which  Lines 

the  Hours  M  Ttmt    hy  the  ^  r^-     i         c        c^i. 

orderly  TunmHof Water.  Tken    ^tQ  great  Qrclcs  ot  z  Sphere, 

tf  Sand  was  the  Hours  mea-     wllich     being    projedled    Oil    a 

fared.    After  that,  by  Trochi-    p/ai^  Superficies Jbecomtftratght^ 
fyVi^^ylx^ijfk    Lines  ^    which  LmesAo  cor- 

late^  With  Trochilikc  wttt     ^.       ,i'  j.  ^r 

sprinis.  tinually  vary,  according  as  the 

Flanes  op  which  they  are  de? 
Icribed,  or  projedted,  do  lie  fituated  in  re/ped| 
of  the  Horizon  of  the  Place.  Now  a  Dial  may- 
be made  on  any  F/ain  Superficies  •,  for  all  Flan 
Superficies  are  pofited,  either  perpendicular, 
faraiel,  or  Oblique,  to  the  Horizon  of  the  Place 
in  which  the  Flane  is  feated. 

In  the  Delineation  of  all  which  Dials  in  thii 
Chapter  defcribed,  ( which  are  the  moft  Emi; 
nent  and  Ufefiil  Dials  now  ufed  )  I  have  ufed 
tliis  Method  :     ift.  I  have  £hewed  how  to  De- 

l^eat^ 
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lineate  them  by  Geometrical  VrajeQioriy  by  Scale 
and  Compafs  only  :  And,  2dly.  how  they 
may  be  Defcribed  by  Arithmetical  Calculation  : 
Ot  both  which  I  have  been  very  plain  and 
large. 


SECT.    I. 

Of  the  Delheation  and  ProjeSiion  of  funiry 
mofl  Ufeful  Dials. 

PROP.    L 

How  to  drava  the  tfour-Unes  on  an  EquinoStal 
Vlane. 

AN  EquinoSial  Tlane^  is  fudi  which  lieth  §  r. 
JfaraUel  unto  the  EquinoHial,  and  is  an 
Horizontal  Planej  under  the  Pole.  This  is  the 
firfb  and  plaineft  kind  of  Dials,  and  is  made 
after  this  manner  :  Firft  defcribe  the  Grck  fig.  64. 
iE  W  E  R  for  your  PAizr^,  then  crofi  it  wiA 
the  two  Diameters  JE  W  and  X  R  :  Then 
divide  the  Semi-circle  E  W  R  into  1 2  equal 
Parts,  in  the  Points  ®.  ®.  ®,  Cfc.  Then  from 
the  Centre  Q,  and  through  the  laid  Points, 
draw  ftraight  Lines,  which  fhall  be  the  true 
Hour-Lines  belonging  unto  this  EquinoSial  Plane. 
Now  becaufe  thefe  Planes  are  capable  of  re- 
ceiving all  the  Hour-lines  from  Sun-rijing  unto 
the  Sun-fettingyin  Summer  •,  therefOTe  theHour- 
lines  of  4  and  5  in  the  Morning^  and  7  and  8 
in  the  Evenings  muft  be  delineated  as  you  fee 
done  in  the  fkure :  Thefe  Hours  may  be  fub- 

divided 
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§  I,  divided  into  HalfrHours^  and  garters :  The 
Stile  of  tlus  Did  mulj  be  a  ftraight  ?in^  or 
F'i«64.  R^^^>  f^  perpendicular  to  the  P/fl«^  on  the 
CenfreQ^  and  ofany  convenient  Length.  This 
'Dial  may  be  made  for  any  Latitude^  and  is  of 
good  Ule  for  Seamen  and  others. 

If  this  Dial  be  put  up  in  the  Latitude  of 
'London^  it  muft  niake  z\\4ngle  of  38**  28'^ 
the  Under  Face  next  the  Horizon  ferving  for 
the  Winter  Half-Year,  and  the  Upper  Face 
tlie  Summer  Half- Year. 

p  R  o  P.  n. 

How  to  draw  the  Hour-lines  on  a  Volar  Vlane. 

A  Volar  Vlane  i$  one  that  lies  Varalkl  un^p 
the  Vole^  and  under  the  Equitio3ial  is  an  ifcr/- 
zontalDial.  TheWay  to  make  this  D/j/ is  thus: 
Fi£*6$.  Firft  draw  the  Line  A  B,  for  the  Horizontal-Une 
pf  the  Vlane  \  and  crofs  it  at  th^  Middle  at  Rigfcr- 
angles  with  the  Line  12  CL  12,  which  is  thq 
Meridian  or  Hour-litie  of  1 2  :  Then  upon  the 
Line  1 2  Q_  1 2^  either  above  or  below  tlie  Point 
Q,  affiime  any  Pointy  as  S  •,  then  fetting  one  foot 
of  your  Compafles  inS,  de(cribe  the  Semi-circle 
C  E  D,  which  Divide  into  1 2  Equal  Parts,  in 
the  Points  ®.<i>^®:Cfc,  Then  lay  a  Rnlet 
unto  S,  and  unto  the  feveral  Points  ®>©»®»©'r. 
and  it  will  crofs  the  Line  AB,  in  the  Points^ 
X,  X,  ij  Cfc.  Then  tiirough  thofe  Points  draw  (  by 
Chap.d^.  §1.  Pr^jp- 4.)  Right-Lines  all  Pjr^iZlt/ 
unto  12  Q,  1 2,  and  £b  is  your  Dial  finiflied. 
Then,  accoj:dii)g  ynto  the  firi^dtb  Qf  the  P/^f^ 

you 
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j^ou  may  proportion  your  Stite^  ^  wliofe  Height     §  i. 
muft  be  Equal  to  the  Diftauce  between  the  two 
Uour-lines    \2  and  %    or  I2  %•  $6* 

and  3,  and  then  will  the  Shadow    l^ttu^  af^iLtf'H 

r  %  J      a1 r /T^  9f  the Un»th  of  QSy  placed  <m 

of  the  upper  edge  thereof  Ihew     o  ^«^  Perpendicular  imro  the 

the  Hour  or  the  Day.      The    Plane  s  or  it  may  be  a  piece  rf 

Height  of  the  Sti/e  is  alfo  found     B/afs  or  elfewhii  rftbe  hreadtb 

thus:  ofi2,to^,er9. 

As  the  Tangent  of  the  Hour-line  4  or  $^ 
To  the  Dijiance  thereof  from  the  Meridian  5 
5^  is  the  RaJiufy 
To  the  Height  of  the  Stile. 

Then  for  the  other  Hour-line^  (ay. 

As  the  Radi/^j 

To  the  Height  of  the  Stile  •, 

So  is  the  Tangent  of  anv  other  Hour-line^ 

To  the  Dijiance  there cj  from  the  Meridian-fme* 

PROP.  m. 

How  to  draw  the  Hour-lines  on  a  Meridian-P/ane^ 
which  is  an  Eaji  or  Weft  Dial. 

A  Meridian  Plane  flands  upright  diredly  in 
the  Meridian^  and  hath  two  faces,  one  to- 
wards the  Eaft^  and  the  other  towards  the 
Wed. 

Now  admit  it  be  required  to  make  a  Dired 
E4jJDiif/,in  theLatitudeof  51^  32':  LetABCD  Yig.  66. 
be  a  Diai-P/ane  on  which  you  would  defcribe 
a  Dire£t  Ead  Dial  ^  on  the  Point  D  defcribe  « 
an  obfcure  Arch  H  G,  with  the  Radixfs  of  your 
Une  cf  Chords  s  tiien  take  58**  28',  the  Com- 
plement oijcfot  Latitude y  place  it  firomG  toL ; 

tlien 
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§  I.  then  draw  D  L  quite  through  the  'Plane :  Thenj 
to  proportion  your  Stile  unto  your  P/ane^ 

fir,  66.  ib  tiut  all  the  Hours  may  be  placed  thereon^ 
from  SHn-rifing  to  11  j  Clocks  aifiime  two 
Points  in  the  Line  LD,  as  K,  for  11,  and  I,  for 
'  the  6  J  Clock  Hour-lines  ^  then  draw  6,  I  6, 
and  II,  K  II,  Perpendicular  to  LD.  This  done, 
with  the  PjaJaus  ot  your  Line  of  Chords  on  L, 
ftrike  the  Arch  O  P,  and  from  P  to  O  place 
15°  co'  s  and  draw  OK,  to  cut  6  I  6  in  M,  lb 
fhall  I M  be  the  Height  of  the  Stile  proportioned 
unto  this  Plane  5  wliich  may  be  a  Plate  oiBrafs^ 
whofe  Beadth  mull  be  equal  to  the  Diftance 
between  the  Hour-lines  of  6  and  9,  which 
muft  be  placed  Perpendicular  to  the  Plane^  on 
the  Line  6  16,  whofe  Shadow  of  the  upper 
i  edge  fhall  fhew  the  Hour  of  the  Day.  Now 
to  draw  the  HouHines^  with  the  Radi/^.of 
your  Line  of  Chords^  on  M  ftrike  the  ArchQJtiy 
which  divide  itoto  five  equal  Parts,  in  the  Points 
#>  #>  #>  l!fc.  Then  lay  a  Ruler  itom  M  unto 
each  of  thofe  Points,  and  it  will  cut  the  Line 
IK  in  the  Points  *.*,*,  t^c.  through  which 
Points  (by(j&^.4.§  I.  Prop.\.)  draw  ParaMs 
to  6  16,  as  the  Lines  77, 88,  ^c.  which  ihall 
be  the  true  Hour4ines  of  an  Eafi  Plane^  from  6 

tig.  66.  in  the  Morning^  t\\\  11  before  Noon.  Then  for 
the  Hour-lines  of  4  and  y,  you  muft  prick  off 
5  as  i&r  from  6,  as  6  is  from  7  •,  and  4,  as  far 
as  6  is  from  8  •,  and  draw  the  Hour-lines  5  f , 
and  44,  as  before.  Thus  is  your  Dial  coot- 
pkated,  and  in  the  forming  or  whidi,  you  have 
made  both  an  Eafi  and  a  Wefi  Dial  ^  which  is 
\  the  fame  in  all  refpeSs,  only  whereas  the  Arcb 

HGj  through  which  the  EqumoUial  pafled  in 

the 
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the  Eafl  Dial  was  defcribed  011  the  Right-hand     §  i. 

of  the  P/a/iey  in  the  Wift  it  muft  be  drawn  on 

die  Left-hand  ^  and  the  Hour-lines  4,  7, 5,  7,  8, 

.  9,  10,.  and  1 1,  in  the  Fore-noon  in  the  Eafi  bial^ 

muft  be  85  7,  6, 5,  4,  3,  2,  and  i,  in  the  Weft  in 

the  Afternoon  \  as  in  the  figure  plainly  appear-  fig.  6j^ 

eth.    Or  if  you  have  drawn  an  Eaji  Dial,  'tis 

made  a  Weft  by  pricking  it  through,  and  draw- 

.  ing  the  Lines  on  the  backlide  of  the  Paper : 

But  Note  alfo,.  That  the  Hour-line  of  11  in  thfi 

Eaft  Dial  will  be  the  Hour-line  of  1  in  the  Wejt 

Dial^  and  tlie  Hour-line  of  10  in  the  Eali  the 

Hour-line  of  2  in  the  Weji^  and  fb  on.      Now 

you  mfiy  find  the  Diftance  of  the  Hour-lines  from 

the  Subdile^  by  this  Analogy  or  Proportion  ': 

As  the  Radius^ 

To  the  Height .  of  the  Stile  % 

So  U  the  Tangent  (f  any  Hours  Diflancefrom  6, 

To  the  Diftance  thereof  from  the  Subfile. 

PROP.    IV. 

Ifow  to  draw  the  Hour-lines  on  a  Dire3  South 
and  North  Plane. 

^  This  Tlane  or  Dial  muft  ftand  upri^t,  ha- 
ving his  Face  or  Plane^  if  it  be  a  South  Dialj  di- 
TeSdy  oppofite  unto  tne  South  \  but  if  a  North 
Vlane^  diredly  oppofite  to  the  North  Now 
admit  it  be  required  to  make  a  Direft  South  Dialy 
for  the  Latitude  of  $1"^  32' :  To  make  which, 
firft  defcribe  the  Circle  A  B  C  D,  to  reprelent  an  F^.  6S4 
EreS  Dire3  South  Plane  ;  crofs  it  with  the  Dia- 
meters C  B  and  A  D  \  then  out  of  your  Line 
of  Chords  take  38*"  29\the  Contplement  of  tiic  La- 
titude^ 


^  I.     tituie^  and  fet  it  from  A  unto  a,  and  fromB 
unto  b  :  Tlien  lay  a  "Sdiler  from  c  unto  a,  and 

!/>•  68.  ^f  w^^'^  ^^^  t^^  Meridia/i  ARD  in  P,  the  P^/fx 
df  the  ir<7r/(i  ^    a  R^/Arr  alfo  laid  from  C  to  b, 
will  cut  the  Meridian  ARD   in  JE,  which  ^ 
the  Point  through  which  the  EquinoQial  mufi: 
pafs  ;  for  the  drawing  of  which,  you  haVe  three 
Points  given^  viz.  C,  M^  and  B,  and  the  Centre 
will  always  be  in  the  lAeriiian4ine  ARD.     To 
find  the  Centre  thereof,  do  thus :  Draw  B  TS*^  and 
divide  it  equally  in  K,  eredl  K  M  Perpendicular 
to  ^B  (by  Chap.  4.    ^  i,   Prop.  i. )  aiid  con- 
tinue it  unt  i  1  it  cu  tteth  the  Line  M  A  R  in  M,  fb 
is  M  the  Centre  of  the  Equino3ial-Circle  CJEB, 
which  dcfcribe,  then  divide  it  into  12   e(jual 
Parts,  in  the  Points  #>  •«  #>  ^c.  the  Semi-circle 
CDB  ^  then  lay  a  Ruler  unto  R,  and  to  each  of 
thofe  Points,and  it  will  crofs  the  EquinoSiaZ-Orcle 
C  iE  B  in  the  Points  *»*,*•  &c.  dividing  that 
into  12  unequal  Parts  ^  then  lay  zRuIer  fromP, 
and  to  every  of  thofe  Points,and  it  vriW  crofi  the 
Grcle  ofthePlane  CDB  in  the  Points  1,1  J,  ©'i:. 
Laftly,  draw  from  the  Centre  R,  and  through 
thofe  Points  the  Right  Lines,  which  (hall  be  the 
true  Hour  lines  of  an  EreS  Dired  South  Dial.  • 
Now  for  theStile^  take  i^""  2S\theComp/enfent 
of  the  Latitude^  ai>d  place  it  from  D  unto  e, 
and  draw  R  e  for  the  Axps  of  the  Stile^  which 
muft  hang  diredUy  over  the  Hou; -line  of  12,  or 
the  Meridian^  ana  muft  point  downward,  to- 
wards the  South  Pole^  becaufe  the  Plane  be- 
holdeth  the  South-part  of  the  Meridian. 

Now  in  making  this  EreS  Direff  South  Dial^ 
you  have  alfb  made  in  Ere£i  DireH  North  Dia/y 
whidi  is  but  the  backfide  oF  the  South  Dia/^ 

lying 
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lying  in  the  Glim  prime  Vertical*^  only  as  this  §  i. 
Iiath  the  Shuth  Po/e  Elevated  above  it,  and  be- 
holdcth  the  South-part  of  the  Meridia^^  fo  the 
other  hath  the  North  Fo/e  of  the  tV^orld  Elevated 
above  it,  and  beholdeth  the  North-part  of  the 
Meridian^  Tht  Hour-lines  of  9,  lo,  11,  or 
•1, 2, and  3,  is  notexprefs'd  on  this  Platte^  becaufe 
12,  reprdlenteth  12  at  Midnight  ^  neither  are 
the  other  laid  Hours  exprefs'd,  becaufe  the  Suti 
is  never  above  the  Horizon^  at  thofe  Hours  ; 
Therefore  the  North  Dial  is  capable  only  to 
receive  thefe  Uours^  namely,  4,  y,  6,  7  and  8 
in  the  Morning^  and  4,  y,  5,  7  and  8  at  Night  ^ 
as  doth  plainly  appear  in  the  Figure.  Nov 
the  Diilance  or  the  Hour-lines  from  the  Meri-- 
dian  may  be  found,  by  this  Analogy  or  Pr^ 
portion : 

As  Radius  0x890%  F/>  «o 

To  8c. J  the  Latitude ;  ^^'  ^^' 

So  is  T.  of  the  hour  from  Noon^ 
.  To  T.  of  the  Hour-line  from  the  Meridian. 

PRO  R    V. 

Horn  to  draw  *the  Hour-lines  on  a  Horizontal 
tlane. 

This  Horizontal  Vlane^  or  Didl^  is  one  of  the 
Ififl  and  moft  lifeful  Dials  in  our  Oblique  He* 
nfifphere.  Admit  it  be  required  to  make  an 
Horizontal  Dial  for  the  Latitude  of  5 1^*  3  2' :  To 
make  which,  fir  ft  defer  ibe  the  Grcle  ABCD,  f^,  w 
whidi  r^reienteth  your  Horizontal  Plane -^ 
Uien  crols  it  with  tibe  t^o  Diameters  AKC^^ 
and  BRD  \  then  take  y  i*^  32'out  of  yourL/'w 
ofcbordsy  and  fet  it  fiom  B  to  a,  and  from  C 

R  to 
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§  I.    to  h :  Then  lay  a  Ruler  from  A  untct  a,  and  it 
will  cut  the  Meridian  BD,  in  P  the  Fole  of  the 
If  or  Id  •,  then  lay  a  R«/(fr  from  A  unto  b,  and 
it  will  cut  ABD  the  Meridian^  in  the  Point  ^ 
where  the  EquinoSial  cutteth  the  Meridian  5  then 
through  the  three  Points  A,  -S,  and  Q  draw- 
the  EquinoSial  Grcle^   whofe  Cenfre  is  at  H, 
( and  round  as  in  the  former  Propojiticm. )  Then 
divide  the  Semi-cirde  ADC  into  12  equal Parts^ 
in;  the  Points  •*  #,  •>  ^c.    Then'  lay  a  Ruler 
to  R  the  Q?;7rr^  of  the  Flane^  and  on  thofe  . 
.    Points,  fo  Ihall  the  EquinoSial  Circle  A  JE  C  be 
by  it  divided  into   12  Unequal  Parts  in  the- 
%•  70-  Points  *»  *^  *j  *>  e^r.  Then  a  R«/^r  laidujito 
Pthe  ?ole  of  the  H^^r/i,  apd  thofe  Points,  ihall 
cut  the  Senurcircle  G  D  A  in  thofe  Points  I,  Ij  I, 
^c.    Laftly,  from  the  Centre  R,  and.throti^ 
thofe  Points,  let  there  l?c  drawn  Right  Unes^ 
which  ftiall  be  the  true  Hour-liiies  of  fiich  an 
Horizontal FJofie^  from  6  inthe_M^rm!g  until 
6  at  Nighty  but  fer  thte  Hours  ^4  and  f  in 
the  Morning  J   and   7  and  8  in  the  Evenint^^ 
they  are  delineated  by  produckig  4  and  ^  in 
the  Evening^  throu^  theiChrrc^  iC  and  7.  V^\ 
8  in  the  Morning^  extending  them  out  Wtf  the 
other  fldje  of  the.  P^'?C>  (p  .fljfdl  you  have  thofe 
Hour-lmes  aUp;  on  J^piir  JP/jp^.  deliixeatcd  as  you . 
TP^  f§e  in  the  fi^e^  ^Che  5/i/^  of;  this  Ftane  may 
be  a  thin  Palate  ofBrafs.  cut,  exaftly  unto  .thi&. 
quantity  oi  4n  il;??/^  df  51^  32\  and  fet  IVr- 
pendicu/ar  on  the  Miridian-ftne ,  for  the  forming 
ofthisSr//^,  take  out. of. your. L/w  of  Cliord^^ 
iV  32',  and  fet  it  frQroD;umoe,  and  dtzw 
Re,  which  {hall  be  the  Axis  of  xhtS^i^c.    TUu 
may  alfb  prefix  thu  tialjfs  ind*  ^mers  bP 

Uour^, 
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Sw/x,  In  the  very  fame  manner  as  the  Hours    '^  u 
themfelves  were  drawn. 
•  Now  to  find  out  the  Diftance  of  the  HoHf 
Snes  bomih^  Meridian y  fSy, 

As  the  Radiuf  or  S.  90%  Eg,  ^ol 

'     To  the  S.  of  the  Latitude  x 

So  is  the  T.  vfthe  Hour  from  Noon^  . 
To  the  T.  of  the  Hour-line  from  the  Meridian^ 
line.     - ' 

,  ^Thefe  kinds  of  Dials  being  fo  freguently  ufed 
yirith  lis,  in  this  Oblique  Sphere  ^  tor  the  help 
df  the  fpeedy  Delineating  of  them,  I  have  an- 
liezed  hereunto  the  Ta  b  l  e  of  Longomontam^^ 
\fherein  the  Hour-lines^  for  many  Latitudes^  are 
calculated. 

,  The  Ufe  of  the'  following  Ta  b  l  e  is  thus  : 
The  Firft  Column  next  the  Left-hand  is  the 
taeitude^  banning  at  ^odeg.  znd.  ending  at 
60  ieg.  The  Second  Column  is  the  Di fiances 
on  an  Horizontal  'Plane  from  xii.  to  xi.  and  i. 
3n;nry  of  thofe  Latitudes.  The  Third  is  the 
Horizontal  Dijiance  hetwizt  v^.  and  z.  and 
xii.  and  ii.  and  (b  on.  The  Laft  Column^ 
next  the  Ri^ht-hand,  is  the  Complement  of  the 
fbltner  Latitudes  ^  and  the  Uie  of  it  is  this  :' 
The  Diftances  for  an  Horizontal  Dial  in  the  Lz- 
rittide  of  30  deg.  will  ferve  for  an  Ere3  DireU 
South  Dial  in  the  Latitude  of  60  deg.  So  that 
tfie  Dijiances  here  calculated  ferve  for  two  Dials ; 
^,  if  it  be  an  Horizontal  in  the  Latitude  of 
5 1  deg.  'twill  be  an  EreS  Dire 3  South  in  the  . 
latitude  of  'i9Jeg,  Underftand  the  like  of 
otbers. 

R  2  A  TA- 
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A  TA B  L E,  Jhew'wg  the  Dl^ance  cf 
the  Hour 'lints  jrmn  the  Mcriiian^  in 
thefe  Degrees  of  Latitude. 
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The  Hour-lines  from  the  Meridian. 
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PROP.    VI. 

Haw  to  draw  the  Uour-lines  on  an  Erc3  Dc^  ^ 

dining  Flanr. 

Thefe  f  lanes  are  made  to  fet  o?  the  Sides  of 
Hou(^s,  wherein  the  Meridian  is  always  a  Peri  fjj  y  i^ 
fendicu/oTy  drawn  on  tbe  Plane^  on  whole  top 
IS  the  Centre^  where  rfie  Subflile  and  the  Uour^  ^ 
lines  all  meet. 

Now  before  we  can  delineate  the  Hour-lines 
tm  any  iiicfa  Planesylvro  things  muft  be  given  \ 
as,  the  Latitude  of  the  Place^  and  the  Plane's  De- 
clination :  By  having  which,  we  muft  find  thefe 
Three  things  s  viz.  the  Pole's  Height  abope  the 
Plane  \  the  Di nance  of  the  Subflile  from  the  Merir 
dian  y  and  toe  Planers  Difference  of  Lo^igitude. 

For  the  finding  of  wjuch  ^qutjites^  by  Geo-, 
metrical  ProjeSion^  we  defcribe  on  theD/tf/  Plana 
thefe  Cirdes  of  the  Sphere^  viz.  the  Horizon^ 
Meridianp  and  E^noHial  ^  whidi  being  de* 
fcribed  m  didr  true  Polltiop  on  the  Plane,  we 
proce^  thus : 

Admit  it  be  requited  to  make  a  Direff  South  Fi£*  7 1» 
Dia/y  on  an  Ere3  DireS  South  Plane^  Declining 
JHfellward  24^  20^,  in  Ae  Latitude  of  y  i^  3  i'. 

Now  in  order  tp  find  the  keguijites  before* 
mentionM^  delcribe  the  Grcle  ZHNO,  and 
crofe  it  with  the  two  Diameters  ZQ N^  an4 
HQP:  NowZisthe2r^w>ft,Nthe3Viiiir,ZQN 
the  Hour-line  of  12,  HQO  the  Horizo/i.  Now 
feeing  the  Plane  declines  S.  W.  34<'  20'  ^  make 
Na^and  Ob, each e^lto  34  20  :  ThenaR^^irr 
laid  from  Z  to  a^  will  cut  the  Horizon  in  §  the 
S^utb  Point  of  die  Horizon^ibioa^  whidh  draw 

R  3  th? 
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§  I.    the  Miriiian  Z  S  N,  whofe  Ontre  is  at  Y,  foond 
as  in  the  4th  Yropqfition  aferegoing :   Then  a 

f^.  7 1.  Ruler  laid  from  Z  to  b,  will  cut  the  Uorizon 
in  W,  the  pl/i?/?  Point  thereof.  Now  the  Horizon^ 
and  the  Meridian  being  projeded  on  the  PA/w, 
take  out  of  youj:  JJne  of  Chords  5?  i®  5  2',  which 
place  from  H  unto  c,  and.  from  N  unto  d  \ 
then  lay  a  Ruler  from  W  unto  c,  and  it  cut- 
teth  the  Meridian  in  P,  the  PoU  of  tiie  World. 
Then  through  P  and  Q.  draw  the  Line  PQP, 
which  reprdenteth  the  A^cis  of  the  World,  and 
the  Subftilar-tine  of  the  Dial  •,  then  lay  zRjflft 
from  W  to  d,  it  cutteth  the  Meridian  in  iE| 
€0  isW  M  two  Points  throii^  which  xhe  Ejaf- 
/?^/?/j/  muft  pals,  whofe  Centre  is  found,  as 

♦  afore  to  be  ^t  M,  ( being  always  in  the  Jbns ) 

oftheFTi^r/ij)  fohave  you  on  yourP/tfWtte 
Horizon  HQ.O,  the  Meridian  ZPSiEN,  and 
the  Equino3ial  L^KWG,  defcribed  on  thft 
Vlane^  as  required. 

NoWjF/r/?,  To  find  the  Pok\  He^Br  oBove  the 
Tlane,  which  in  this  Scheme  is  reprefented  bv 
B  P,  lay  a  Ruler  from^G  unto  P-,  sihd  it  fliall 
cut  the  Plane  in  V  j  then  meafure  the  Diflance 
B  V  on  your  Unp  of  Chords j  and  you  wiU 
find  it  to  contain.  34''  33 ,  which  is  the  Pole^i 
tie'fght  above  the  Plane. 

fig.  71.  :  Secondly,  To  find*  the  Di/lance  of  the  SubRik 
from  the  Meridian^  reprelented  in  the  ^chemp 
by  the  Arch  ZB,  or  N  D  \  which  me^fiited  9^ 
atoi'e,  will  appear  to  "be  x8°  q8',  the'  Difts^nc* 
of  the  Subftile  from  the  Meridian. 

Thirdly^  To  find  the  Plane's^  Difference  cfLot^r 
ghude,  which  in  the  Scheme  *  is  reprefenisd  ^ 
^Arrgle^JS.?JL  hy  a  Ri^/rr  from  P  utxtaJE. 
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mA  ?t  cuttetfr  the  Ykrie  in  X,  then  meafure  the  ^i. 
ArA  i)X,  ks  afore,  and  ib  Vrffl  you  find  the 
planes  Differ^^ce  of  Jjongifuiey  to  be  30**  00' : 
Thus  by  Geometrical  FrajeOion  have  we  found  fig.  -j  j. 
all  the  three  Re^utfites :  Now  to  find  them  by 
Arithmetic^  Calcitlation  obierve  thefe  Analogies, 
flr  Frcporsions. 

1 .  For  the  Voles  hei^  abaee  the  P/<z??^,  6y : 

ilr  Radit^  or  S.  90**,  -- 

To  Sc  (2f /&^  L?//W^  i8^  ^S's 
'  So  ^  Serf  the  Declination  65**  40'  ^ 
To  S.  of  the  foles  height  above  the  Ylaxe 

S4"  33- 

2.  Fort^Diflance rfthe Subfii^^  fironj the 
Meridian^  lay: 

ik  /fe  RiftbAV  or  S.  90®  00', 

To  the  &  cfthe  T loners  Declination  54^  20^5 
.  So  is  Tc  ^/fe^  Latitude  38°  28', 

X?  /&?  T*  /  /fi^  Subftilar  Djjiance/rom  the 
Meridian  18^  10'. 

•  ?:  For  die  P/tf;7<r'8  Differevc^r^fta^tude^  fay:  JBfe^  7  r  J, 
•   As  the  ^  rf' the  Latitude  38^  28', 
T(C?  the  Radit^  or  S.  90**  00'; 
§0  is  S.  ^/&?  Sul^ilar  Difiance  18«  Ip', 
y^  the  S.  4f  rir  Difference  eflMgittfde  3p  IV^p. 

Or  it  may  be  found  thus : 

As  the  S,  rf'the  Latirude^ 

To  the  Radit^x 

$0  is  the  T.  of  He  Declination^ 

To  the  T.  cfthe  Difference  if  Ltrngituie  te^-^ 
quired. 

Thefe  tKiigs  found,  we  comfe  now  to  fhew 
how  the  Hour4ines  itljiy  be  prqjeaed.  To  mty 
jcft  whiA  obfcrVe,  Firft,  to  lay  a  Ruler  from 

R4  Pt^ 
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^  %\^  P  the  Vcie  of  the  n>-/i,  to  JE  the  UterJeSm 
fig.  'ji.  of  die  Equinoffial  with  the  Meri^an^  and  itE 
will  cut  theP/<^»^  in  x,  where  begin  to  divide 
tlie  Semicircle  L  x  G^  into  1 2  Equal  Parts  iii 
the  Points  •>  %i  #,  •»  fS^c.  Then  lay  a  Ruler 
ifrom  Q,  to  everjr  of  thofe  Parts,  and  it  (hall 
cut  the  EquinoSial  *^  and  divide  it  into  12  un* 
jequal  Parts ,  in  the  Points  *.  *•  *»  *»  £?V. 
Then  a  Ruler  laid  from  P  the  fol^  qf  ^.he  World 
unto  each  of  thefc  Points,  it  will  divide  the 
Vlane  into  1 2Ainequa|  Pvfs  in  the  Points  J  J  J,Ti 
^c.  Theii  bj  a  Ruler  laid  fi^om  the  Center  O, 
to  thole  Points,  draw  right  Lines,  which  fliafi 
be  the  true  Hour-lines  proper  unto  (iich  a  D^- 
r///?/;«^  P/jirr,  as  you  fee  plainly  demonftrated 
by  the  Scheme. 

Now  the  Subftilar  Liw  falleth  in  this  I^^ 
juft  on  the  Hour-line  of  2^  in  the  Aftempon,  be- 
caufe  the  ]?/ane  declineth  Wefterly. '  Hie  An£/^ 
of  the  Sr/7^  is  DQ.R  34''  33'.  which  may  bg 
^  either  a  Plate  or  H/yr^,  broug^  into  fiicn  an 
.  •  ^  .4;5;f /^,  which  muft  be  placed  ferpendicu/ar  to 
the  PlanCy  and  direftly  over  the  St^bftilar  Line 
OP  2. 

Now  the  diflance  of  the  jyi^^r-Z/wi',  from  the 
SubftiLir  LinCf  may  alio  be  found  by  this  Afio- 
Icgy  Of  FtoPortion. 
R^  ^j        AstbeKadiuf^ 

'  '       T?  /k  S.  A^/^6/  (fshe  Pole  aha^e  the  Plane  5 

So  is  the  T  of  tie  Ifaur-^linefrom  the  H/Uridian 
ffthefJane^ 

To  the  T.  of  the  Hour-line  from  the  Subjii/e. 

Thus  have  you  coippleated  your  Z>rj/^  as 
you  fee  in  the  Scheme^,  and  l^ere  you  may  t^a 
l?of  ice  th^t  bavipg  fiqiQied  ^  Wefi  PfcSfner^ 
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you  Iiaye  aUb  made  an  Eafi  Deciiner  ^  if  you     §  |. 
only  convert  the  Uour-lines  of  the  Weft  Dn- 
clwr^  in  fuch  manner  as  you  fee  in  Vig.  72. 
on  the  Eaft  Dc diner ^  and  compleat  all  as  you  Dg.'ji^ 
fee  in  tliat  Scheme. 

Thus  I  have  explained  the  making  and  de- 
lineating of  the  belt  and  moft  ufeful  Dtalsy  both 
by  Geometrical  Prajeffion^  and  alio  by  Arith- 
metical Calculations^  in  as  brief  and  compendi- 
ous a  maimer  as  poflible.  There  are  lundry 
other  kind  of  Dw/x,  as  Indinersy  Dec/i/iersj  and 
Reclineriy  wluch  being  not  lo  ufefiil^  for  bre- 
vity lake,  they  are  here  omitted :  As  for  In- 
Brumental  Didis^  as  ^uadrants^  Rings,  Cy/in- 
dersj  Cfc.  Which  dq^end  on  the  Sun's  heisht,  I 
refer  you  to  Mr.  eS^*  Gunter's  Book,  wherein 
fbey  are  largely  defcribed. 

As  for  the  Beautifying  and  Adorning  of  tlioie 
Viais^  Sec  by  deljbribmg  on  th^  the  Equi- 
noSial^  Trooicks^  Faralle/s  of  Deciinatipn^  Par 
raUefs  rf  the  Sifns  Place,  Length  of  Days,  the 
^an^s  Kijing  and  Setting,  Jfewijb,  Italian  and 
pahyhmjh  Hoht^,  Almcanthars,  Azimuths,  O- 
cles  of  Pofitipn,  the  Signs  flight  Afcetfding.,  Der 
fcenhng,  Culnanaiing,  Sec.  I  do  advife  you  to 
(xmfu}t  Mr.  Gunter^  Mr.  ¥cfter^  Mr.  W^Us,  and 
Mr.  UolvoeFs  Works ^  all  which  Authors  have  ' 
very  learnedly  fhewed  the  delcribing  of  them, 
i>r  ieveral  large  Schemes  and  figures^  for  th^ 
pkiner  niuftnition  thereof. 

Now  feeing  the  Latitude  of  a  Place  mufi;  be 

fft  known^  before  a  Dial  can  be  made  to  it, 
have  therefi:nre  hereunto  annexed  a  Table  of 
the  Latitudes  qC  all  the  principal  Gties,  Towns^ 
ifind  Ulandfy  in  stpd  abou(  Qreat  Britain  and 
'  *     ^     "  '•   '  .       ^  Ireland X 
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§  I.  Irriaai^  ib  dnt  if  you  are  to  make  a  Dial^  fi* 
awr  of  diofc  Parts,  you  may  have  recourfe  to 
this  Table,  and  make  y^ur  Dial  to  the  Latitude 
of  that  Place,  which  you  find  to  be  the  neareft 
to  the  Place,  for  which  you  are  to  make  yoox 


^  T  A  B  L  B  oj  the  Names  and  Latitudes  of  all 
the  Principal  Cities^  Towns  and  Ijlands^  im 

and  about  Great  Britain  and  Ireland. 


ENGLAND. 


^  A  IS^ttndel 

JlX  Bedford 

Barwick 

Brijlo/ 

Buckingham 

0imbridge 

Canterbury 

CarGJle 

pkcbefter 

0efter 

(jo/chefter 

Dover 

Dor^Jier 

jyurham 

Bxeter 

falwmth 

Qhcefter 


I 


D.M- 
I  00 

1  3$ 

2  10 

3^  20 

2? 

20 

o  48 

i  18 

08 

20 

3  00 
o  3fo 

4  56 
p  48 

J  22 
»  57 


Gui/ford 
Hartford     . 
Hereford 
Huntington 
Ipfvoich 
\  London 
Lincoln 
Leicefter 
Lancajler 
Iforibamptcn 
Norvoich 
Nottingham^ 
Netocaftle 
Oxford 
fort/mouth 
flitnouth 
fading 
Salisbury 
Staffora 
Stanford 

ShrfrnkuPy 


D-M, 


51 

It 

51 

54 

52 

17 

52 

3Q 

52 

SO 

5t 

30 

Si 

«o 

52 

45 

54 

ijf 

52 

24 

52 

45: 

53 

00 

55 

12 

51 

50 

51 

o3 

50 

3tf 

51 

40 

51 

12 

52  50 

54  44 

V 

50 

Vruero^ 

/ 


I. 


A 


v  ^ 


(. 
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Winchefter 
Worcefler 
Warxmck 
Tori 


D.M. 

50  30 

52  25 

52  30 

54  00 


WALES.    D.M. 


.  Barmonth 
Bri  knock 
Cardigan 
Caermarthen 
Carnarvan 
V)enbigb 
flint 
Ijmdaffe 
flloitmouth 
Montgomery 
"femhroke 
Radnor 
ht.  David 


%l 

28 

52 

50 

52 

01 

J2 

12 

1 

51 

$6 

53 

16 

53 

13 

53 

17 

51 

35 

51 

51 

51 

56 

51 

\6 

52 

19 

52 

00 

•      «        •   "^  V 


SCOTLAND.  D  M 


A^deen  57 
_  'Dunb/ain  •  56 
pimkel  »  54 
JEdenburgb  56 
Q/qfcow  $$ 

Kinfai/e  57 

Orkney  '   60 

ft.  AndraQs       $6 


Sfyraffin 
Sterling 


IRELAND. 

ANtrim 
Argloi 
Armagh 
Carterlagh 
Clare 
Corhe 

Droghedagh 

Dublin 

Dundalke 

GaUovoay 

Kenney 

Kildare 

Kings  Town 

Knockfergfis 

Kynfale 

limerick 

^eens  Town 

Waterford 

Wexford 
Toi^baU 


30 

211 

48 

00 

58 

44 

401 


DM. 

58  38 
56 


12 


D.M 

54  38 
4  10 


4 

2 


H 
4« 

34 

5» 

51 
3  54 

3  01 

2  30 

3  00. 

4  4* 
41 
30 
5J 

1$ 
5> 


I 

2 
2 

2 

2 
I 
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'  CHAP.    XIIL 

Of  FORTIFICATION. 

* 

THE  Utility  of  this  Mathematical  Art  c/xA 
Zfi^  F  o  R  T I F I  c  A  T I  o  N,  or  Military 
ArchiteSure,  is  Jo  voeU  knovon^  that  it 
'^eeds  not  nrf  Commendation^  and  therefore  to /peak 
fny  thing  thereto^  tperf  but  to  light  a  Candle  be- 
fore the  Sun. 

In  the  handling  of  this  Part  of  the  JAathema- 
tu:k4^  I  Ihall  be  as  brief  as  pofiible^  yet  ^  plain 
as  can  be  d^ed :  Jn  the  profecution  of  which^ 
i  urili  life  this  Method.  Firjl^  Give  you  ^he 
icnoft  principal  Definitions  or  Terms  belonging 
to  this  Art.  $eccndlyy  Prefcrih^  the  moil:  conr 
jducing  Maxims  or  ^Ics  herein  obferved.  Third- 
fyy  Shew  how  to  delineate  the  Ground-line  of 
any  Fvrtific4fioffy  aocording  to  the  feveral  Pro- 
)ortions,  ufed  by  the  beft  and  moft  etperienc'd 
Engineers  oiltaly^  France^  HoUand  2nd  England  ^ 
lourtbl^^  Delcjt^be  dje  G)nftru£^ion  of  die  chief 
a^drpruidpal  Outworks  tptf  \a  u(e  ^  and  hajl- 
7y%  lay  down  fome  general  Maxims  or  "Rules^ 
hy  moft  Modern  Authors  obferved  in  Irregular 
fortifications. 

_  .        S  E  C  T.    I. 

Cf  the  Definitions  <f  the  Unes  and  Angles^  ber 
c  longing  40  the  Principal  Ground-worA  of  any 
:    Re^lar  Fortific^ion.  • 

^  '•     't'i^'^^  Exierw"  or  outward  Line,  whidi 
Df^f  '    X   boundetl^  tiie  Ramgart,  at  the  Foot  next 


I 

{ 
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the  mtch^  is  the  principal  and  only  Liik  tbl)e     §  i / 
r^orded  in  all  Regular^  or  Irregular  fortified- 
tiaasj  being  the  Bafis  on  which  all  the  other 
Lines  and  Parts  of  the  Fortification  do  depend.  , . 

2.  The  Exterior  Polygon  is  the  outward  fide 
of  any  Regular  Figure^  as  in  the  Hexagon  (Whic^ 
Figore  I  fhall  wake  ufe  of  through  this  Tia€l:/. 
tile  fide  A  A,  is  the  Exterior  Vohgon^     •      J  J'  • 

3*  The  Interior  Polygon^  is  the  inward  fide  figs  7}^ 
of  any  Bxgular  figure^  as  in  the  Uexagon  is^ 
noted  by  any  of  the  fides  between  P  and  P.     ^ 

i^  The  .Bafiion  or  Bultoark^  is  that  erifta^ 
Work  of  any  Ev/,  that  advanceth  it  felf  (0^ 
wards  the  Campaigner  and  here  are  fix  all  m&rlt; 
ed  with  B,  the  Linte  which  ter^liIiate^  theft^^ 
ne  two  Gorges r  two  Flanks ^  axid  two  fe^/i   -  > 

5.  TheDm/<r(r^^orGof^-/!f;if  PQi*lialPfy^.  7^^ 
the  Entrance  into  the  BaftionyMd  terminal- 

tbe  Point  C,  whereby  '^iba   flank  fluU  1)e     ' '     ^ 
raifed.  "  ^•: 

6.  The  Vlank  is  another  Out-line  of  the  Ba- 
ftion  as  CF>  whidi  terminateth  the  Qtrtmn- 
and  Face.  t 

.  7.  Tht.F^r  is  the  utmoft  line  of  the  Baftiim^ 
as.F  A,  two  Lines  thereof  do  form  the  AngU  ot 
Ihe  Baflion  A»  or  the  Flanked  Angle. 

8.  The  Line  fbroiing  the  FJank  FF,  is  a 
pridc'd  Line^  niade  ufe  of  by  the  DutS  Ingi' 
neersj  and  others* 

9.  The  Cafital  is  AP,  part  of  the  Litae  coto-  py^^  n^, 
ing  Irom  the  Center  (s)^  terminated  at  the 
Point  .of  the  Baftion  A. 

10.  The  Curtain  is  that  Psnt  of  the  Interior 
Voljgon  CC,  whidi  lieth  betwixt  the  two  Bajfi- 
ans  By  and  B. 

ri.Thc 
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\lf.         lt\  Th^LiiiedfDrfr/Tc^is  AC,  paflihgfraiTf 

Fig.  7^*  .A,  tlie  Point  of  the  Bafiion^  to  C 

»  «cc4i/r  tte  fc«rA  •f  ^    the  AMgle  of  the  fXw*  and  Cur- 

^^'^Jnt^  ^^»>  and  ought  never  to  cxceei- 

t»tti  tb^  n^.  800  Englifh  Feet  ^. 

J  \24  The  Line  Stringent^  is  the  Line  coming 
ftoBfX  die  Point  of  the  Baftion  A,  alid  jirolonged 
6a  the  Ri^^  A  P,  to  the  Qtrtain  D,  which  fheiv- 
edi;  that  DQ  the  Part  of  the  Curtain^  (by 
fcipm  called  the  y^c^  flank )  wUl  {coor  the 

r  i-j,,  TherDii^^r  of  the  Interior  ^Polygcn^  is 
t]}eL0ie  ®P^  <:om2i%  from  the  Center  thereof  ©. 

•:  I4>  Tl^  ftioiteft  Line  from  the  Center  onto 

the  Qtrtain  is.  ©.  m.    Thefc  are  the  Definitiaas  • 

of  the. principal  Lines,  appertaining  tt>  dtt»^ 

,  (3^iQ(Bd\trork  of  ajiy  Bjegular  ^fart^atiMy  tbe 

Rf*  ??•    :  .ij;  The  JUjrfc  of  the  Gu/tr  of  Ac?  Pi^^^iwr* 

isPoP. 

.  x6>  The  -dngAj  df  the  Fcfjgcn  VBP^'  is  always 
iSlii^Qfnpiftment  of  the  il;?f/p- at/ the  Gr/T/irrj  or 
remainder  unto  180  Degrees. 

.17.  Tht'J^ig^'of  theTrr'tfi^g/^PP^o^^^ 
^  one  half  oi' the  ibr^/^  of  the  ?alfgpM  VVP. 
Vtg.  73.  18.  The  Angft.  of  the  fix/Zd;?,  or/the  WankeiJt 
Jkigff  l^AJP^.  ie  efcpoled  unto  the  Baieries^  of  the 
Ekfi^etSi  ajid  formed^  by  the  two  Ewrr,  F  A^ 
and  FA,  which  ought  never  to  be  lefs  thaif  60, 
.  nor  much  ftbof^e  lao.  De£reis. .    - 

1 9,  The  Jt^  of  the  E/pauIt^  or  Shottlder, 
is  formed  by  the  Face  znHt/ankj  as  AFC 

5o-  The  AJi^e oTdie  Rwyt CCF^  is  formied 
bjr  th&Grr/tfiff  and  the  £?dir>(,  and  is  moft  com- 
mbnly  a  Right  Angle ^  but  by  Ibme  la«er  /;gf- 

mers^ 
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neers^  h  made  Obtufe^  or  moire  than  a  ^ght     ^  u 
Angle ^  or  90  Degree. 

'  2T.  The  Angle  made  by  the  two  Lines  Kr- 
chanf  ATafy  is  called  the  Angle  of  the  Tenaile. 
22.  The  ^/^fe  foriTMngithe  Flank  is  CPF, 
wrhich  i4;7^/fe'  is.  made  ufe  of  by  moft  of  the  ^ 
Dutch  h^ineers.  *^«f- 73f 


irfi^i 


sect.il 

Of  Generai  Maxims  er^  finks   oifctved  hi 
Fcrtipsstiam. 


t.  TpH  AT  all  thte  Parts  of  the  Place^be  of    §  a* 

X  .  Cdnnoh-Vrocf  flanked  ^   /.  e.  defended 
fiom  another  Place,  which  Plkce  is  no  farther 
diftant  than  thg  reach  oi^Mii^ht-      »  Bec^fc'the DefhcM 
Jhot  ftom  the  Place  to  ftr  ttankedvT    ougH  tcbeafie^  qm^kn 
defended^;       '  reit^fe,  ^d  «f  Unie 

thstht  Ak$k!^  bmhi^thi  Carnm  hgtb  noiy  iber/^m  Aey  Defence  if 
Ffi^ificatim  9t^/tt4o  be  me^fiirciij  ike  Ppn^rfs  Miuk0^  jmd  mi  ^ 
ikai  of  s  Cefum. 

2;  That  in  all  tbe  Plaice^  there  may  be  no 
Fart  of  the  WaL  or  Oat^de  of  the  Rantpfr^^ 
that  is  not  ieen  from  th^  Top  t^  the  Bottom  or* 
AtAbte  or  Ditch. 

^  That  the  BafKont  are  lar^e,  and  full  oP 
j^rdi,  and  ppt  empty  •,  the  bimer  they  are,' 
^ff  areth'e  nlofe  to  be  efteemed,  there  being 
the  more  room  to  Intrench^  in  cafe  of  no* 
eeflrty :  whofe  Gorge  let  be  at  kafl  9^  fathoms^ 

ttid  their  i^m^^t  leaft  18  Ftf/i&mx. 

-  '  4.  That 
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fe  2.  4.  That  the  Ang^  of  the  Baftiofi^  or  Viahhi- 
Angle^  be  not  much  above  90,  nor  much  leis 
than  5o  Degrtes;  for ;  in  the  tbrmer  it  would 
lie  too  very  0^//^/^  and  open  at  thePoint  ^  and 
*  .  in.  the  latter  it  would  be  too  llender,  aftd  fb 
aaiUy  to  be  Battered  down  by  the  Enemies 
-Cannon. 

$.  That  the  Angle  of  the  flank  may  be  fbtnsr 
wmt  Obtufe  ^  neither  is  there  any  more  virtue 
in  a  Eight' Angle  than  in  any  otho:  for  the  De* 
fence  of  the  fort* 

6.  That  the  Length  or  an  extended  Curtain 
be  not  above  \%%  fathoms^  nor  the  Ungle  aboVe 
80  Fathomsy  nor  be  lefs  than  40  Fatbams^  to  be 
well  defended  from  two  flanks. 

-J.  That  ihtftjmpireht  io  wide^  that  a  Ptf- 
rapet  of  Earth  Cannon-proof  may  be  ereded 
thereon,  and  a  Terraplana  left  full  wide  for 
the  Ordnance  to  be  recoiled. 

8.  That  die  Mote  or  bitch  be  at  lead  20 
.    'fathoms  broad,  and  as  deep  as  poffible.    Now 

dry.'  Motes  in  great  Gties  are  to  be  preferred 
before  others  that  are  full  of  Water,  to  £icili- 
tate  thfe  SaUks^  the  Relief  and  Retreat  of  tht 
Bejieged  •,  and  in  Cnall  fortifications  the  Mjotes 
£dJl  of:  Water  are,  the  mod  Efteemable,  bccaule 
in^  liich  Sallies  a^-e  not  necefiary,  aiid  Surpriies. 
ajre  very  much  to  be  ^ared.  ,/ 

9.  That  the  Part's  that  are  moft  xeqiote  from 
tb$  ^enM^i  be  commanded  by  thole  wliich  are 
iieareft  to  it.      ^  .  \  »    ; 

-  ro.'  That  the  Defence  of  a  Face  js^  mucht 

fljonger  when  the  Aiigk  made  by  tile  Face 

a^d  Exterior  Volyi^on  is  a  Gr^tf/'  ^^(f  ^  *^s 

.  Maxim  is  fo  very  eflential,  that  it  wilrtry  th^ 

;.•'*.  'Goodnefi 


] 
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Goodnefs  of  any  Fortification  wbatfbever :  Thus 
I  have  defcribed  the  lo  chiefeft  Maxims  ne- 
ceflary  for  Good  Y§rtifications. 


SECT.    III. 

Of  the  CanftruHhn  and  making  of  the  pritT 
cipal  Grounti'LiHe  of  a  Fort  ^  accorJinf^ 
to    the    wiofl    Modern  fVajs,  ujed  by  the 

Italian,  Dutch,  French,  or  Engliih  In* 
gineers. 

1.  Of  the  Italian  Fortifications. 

GEnnaro  Maria^  Mathematicidrt  td  the  C^  §  ?< 
tholick  King^  wrote  at  ilorence^  his  Ele^ 
mentr  of  Military  AfchiteQure^  Entituled,  hf^eve 
Trattato  ieUe  Moieme  Forttficazioni.  Tliis  ha»^ 
lion  Author  was  a  very  L^med  and  Skilful 
Mathematician^  and  famous  in  his  Nation.  In 
his  faid  Book,  Printed  1665,  he  makes  the  In- 
terior  Polygon  800,  and  not  lefi  than  60a  Feet, 
his  Demi<jorge  he  makes  i  of  it,  and  fb  for  the 
F/ani  of  the  ^jiadr angle*  But  for  the  Fern  agon, 
and  all  Figures  above,  he  makes  the  Flanks  -A 
Part  of  the  Gorge  more,  and  he  placeth  his 
Flank  at  Y^ight  Arigks  with  the  Curtain. 

Suppofing  his  Interior  Falcon  1 000  Parts,  his 
Gorges  will  be  125,  and  in  the  Quadrangle  the 
Flanks  will  be  12$,  but  of  the  Fentagon^  and  all 
above  ig8  Parts.  For  the  Faces^  he  makes  them 
to  f^U  on  the  third  Part  of  the  Cicrtain^  unlefs 
in  the  Square^  which  he  allows  x\o/econi  Flank. 

'  S  PRQP] 
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^  ^.  PROP.    I. 

Xo  Foriifie  a  Hexagon  according  to  this  Autho/i 
proportion. 

74*  Firft  defcribe  the  Hexagon  PPP,  &c.  then 
divide  the  Interior  "Polygon  PP,  int6  loco  equal 
Parts,  take  125  for  the  Gorges^  and  fet  it  from 
P  to  C  Then  on  C  raife  a  ferpendicufar^  make 
it  equal  to  138  PartSj  for  your  iknks  CF,  then 
draw  the  Face  AF,  falling  on  the^  third  Part  of 
the  Curtain  C  C,  at  D,  and  fb  do  on  every  fir 
fiion^  until  the  Work  is  compleated. 

II.  Of  the  French  Fortifications. 

Monjieur  De  fa  Monr^  in  his  Fortijications 
Offenjive  and  Defenjrve\  Printed  167 1  :  And  ' 
Monj^ur  Manejfon  Mattet  in  his  late  Wodc^ 
Entituled,  Trauaux  de  Marsj  Printed  1672,  at 
fign  thefe  Proportions  for  the  laying  down  the 
Ground-Line  of  a  Fort. 

Both  thefe  Authors  make  the  Interior  Polygon 
768  Engli(h  Feet^  which  they  divide  into  5 
Parts,  and  taking  one  for  the  Gorge  \%i\  Feet. 
Both  divide  it  into  3  Parts,  and  take  one  &r  the 
Capitaiy  that  is  2%6  Feet. 
fig.  74.  Now  our  firft  Author  De  la  Monty  makes  the 
Flank  to  fbnd  at  Right- Angles  and  takes  1 1 5  r 
feet  for  it,  which  is  ^  of  the  Qtrtain^  and  fa 
draws  the  BafHons^  in  all  fave  the  ^M^rantgle^ 
and  Pent^on^  whidi  he  makes  to  have  nDfeconi 
flank. 

P  R  O  P.    H. 
To  fortifif  a  Hexagon  according  to  the  IPro^ 

portion  ifDc  la  Monf. 
.  Firfl:  defcribe  your  Hexagon  ]PPP,  C^c.  Now 
Bxwoixag  ycHir  Interivr  Po/jgon  P  P,  1000  Parts^ 
*  the 
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the  Capital  ^^9,  the  Gorge  2oo,  and  the  J^ank  ^  Z. 
1 50  nxtSy  take  out  of  your  Triangular  Scale ^  ¥tg.  74. 
^*  7^9  (which  is  made  for  the  more  fpeedy 
DeliiieatioiK  according  to  this  Proportibn  of 
2>  la  lAmtV^K  for  the  Capital^  and  prick  it 
off  from  P^  on  all  the  Baftians.  Then  take 
P  C,  and  prick  off  all  the  Gorges  from  P  to  C 
Tbm  take  F  C  and  prick  it  off  at  Right-Jb^les^ 
firom  C  to  F.  Laflly  draw  all  the  Faces  AF, 
A  F,  C^c,  fo  is  your  Hexagon  compleat,  as  re- 
quired*   > 

PROP.    III. 

To  Fortifie  a  Hexagon  accoriing  to  li^eflbn 
MalktV  Frqportion. 

Now  our  Author  Monjieur  Maneffon  MaUet^ 
in  his  Works  Entitul^,  Travaux  de  Mars^  de- 
viates from  our  former  Author,  only  in  this  : 
that  a^  De  la  Mont  did  place  his  FlanJks  at 
Rifgbt'JjigleSj  he  ^places  them  at  98  Degrees 
with  the  Qtrtdns^  and  leaves  no  fecond  Flank 
in  all  his  Fortifications* 

Therefore  having  deicribed  the  Folygan  PP,  Fig.  74* 
&c.  divide  PP  into  1000  Parts,  prick  off  the 
C^itals  PA  533,  and  theG^^^j  PC  200,  then 
layoff  the  Flanks  CF  i$o  Parts,  at  an  Angle, 
or  98  deg.  with  the  Curtmn  CC  (by  trop.  y. 
^.  I.  Qm.  4.)  and  draw  all  the  Faces KF^KFy 
&c.  FaUii^  on  C  the  Point  of  the  Flank 
and  Curtain^  fo  fhall  your  Hexi^on  be  fortified, 
as  was  required* 

III.  Cf  the  Dutch  Fortifications. 

The  Emperor  Ferdinand  III.  hatfa  learnedly  Ffg.  74. 
altered  die  Method  of  Fritach^  Dqgen^  Goldnum 

S  2  and 
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§  3.  and  faulhaberus^  all  which  were  T>utch  IngU 
neersj  and  wrote  large  Volumes  on  this  Sub- 
jed  J  In  his  Works  Intituled,  Amuffis  Errif/w/?- 
^j;  Publifli'd  165:45  by  turning  their  way  of 
working  by  Aniles  into  wotking  by  Sides. 

Thus  he  fetteth  down  a  CdthoHck  Way  of 
delineating .  the  Sid;cs  or  L/;7^x  of  any  Fart,  by 
his  60  Prop,  thus :  the  Interior  Polygon  to  be 
66,  the  Capital  24,' the  Gorge  15,  and  the  flank 
11.  Or  in  making  the  Interior  Polygon  22,  the 
Capital  8,  the  G^;^^  5^  and  the  Ylank  4.  Or 
yet  making  the  Interior  Polygon  1000,  the  Ca- 
pital 363,  the  Gorge  227,  and  the  Flank  i8r,  * 
this  is  an  Epitome  of  all  tne  Di^/ri  Fortjficationr^ 
and  is  general  excepting  for  the  Squqrey  whidi 
F/^, -74.  Xnjo&Xxxvt  no fecond  flank. 

PROP.    IV. 

To  fortifie  a  Hexagon  according  to  the  Empe- 
rors Proportion. 

Firft  defcribethe  Polygon  PPP,  C'f.  divide 

PPj  ^c.  into  22  Parts,  take  8  for  the  Capitals 

P  A,  which  prick  off  all  round  from  P  to  A, 

take  J  for  the  (jorgesy  which  prick  off  all  round 

fig.  74-  from  P  to  C  then  take  4  tor  the  flank  C  F, 

which  prick  off  all  round  at  Right-Angles  from 

C  to  F,  laftly  draw  die  Faces  AF,  AF,  AF,  ^c. 

So  is  the  Hexagon  compleated  as  was  required. 
t 

IV.  of  the  Englilh  Fortifications. 

Hts  Late  Majefty  of  Great  Britain^  Carolus  IL 
of  Ever-Bleffed  Memory,  hath  much  facilitated 
the  Method  of  Q>unt  Pagan^  who  in  his  R^r//- 
tifcationsyPtintcd  at  Pjw,  1645,  did  place  the 

flanks 
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TIanks  at  Right- Angles  with  the  line  of  De^  fj  ?• 
fence^  and  he  works  by  the  Exterior  Polygon. 
Now  His  Majejiy  places  the  Fla/ik  at  Right- 
Aisles  with  the  Line  pf  Defence  of  the  Interior 
Tofygon^  and  works  after  another  manner :  G)unt 
Tagan  makes  the  Proportion  of  the  Grand  Royal 
fort.  Suppofing  the  'Exterior  Polygon  to  be 
1000  Parts,  will  make  the  Perpendicular  MT  f/^.  74. 
to  be  1 5  o,  and  the  Complement  ot  the  Une  of  De- 
fence TC  tp  be  18J5  which  may  ferve  for  a 
gene^I  Proportion  be  the  Length  what  it  will, 
only  ill  a  Square  the  Proportiorfs  maft  thus  be 
altered  in  the  Grand  Rjyal  Forty  tlie  Perpeniicu- 
hr  MT  npnifl;  be  162,  in  the  Mean  R  144,  and 
in  the  Petty  Rcyal  126,  the  Complement  of  the 
Line  of  Defence  for  the  Grand  Royal  Fort  is  228, 
and  for  the  Mean  Royal  Fort  198,  alio  for  tJje 
Petty  Royal  Fort  19S. 

P  R  O  P.    V, 

How  to  Fortffe  a  Hexagon  according  to  Count 
PaganV  Proportion. 

To  delineate  this  Work  draw  a  Une^  about 
the  Middle  whereof,  as  at  M,  fet  off  M  A,  the 
half  of  the  [Exterior  Polygon  joo  Parts,  which 
makes  the  Exterior  Polygon  1000^  then  on  M 
(by  Prop.  I.  k.\.  Chap.  4. )  raife  the  Perpendi--  Fig.  74, 
cular  Mm,  which  make  li%  MT  Equal  to  150, 
then  draw  ATC,  and  AT C,  then  take  i8y, 
and  i)lace  it  from  T  to  C,  and  to  C,  and  draw 
C  C  for  the  Curtain^  then  on  the  Points  C  raife 
Perpendiculars  CF,  to  the  Line  of  Defence  CA, 
for  the  Flanks  J  fo  have  you  aUb  the  Faces  FA. 
Then  on  the  Points  A  let  off  half  the  A^le  of 
llie  Figttre^  to  wit  ^o""  (as  you  fee  in  the  Table:^ 

53  -        in 
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§  3.    in  Ti^e  38. )  and  draw  the  lines  O  A  and  OA^ 

fo  ftiall  O  be  the  Center  of  the  figure^  and  PC 

F^.  74.  the  Gc^ge^  and  AP  the  Capitals :  then  fiaifh 

each  fij/T;^;2  at  your  own  Difcretion,  and  the 

Work  IS'  finiihed  as  required 

PROP.    VL 

To  Fortifie  a  I^exagon  according  to  the  way  pre* 
Jcribei  by  Hk  Majefty  Carolus  K 

^  His  late  Majefty  Charles  II.  hatib  much  fa- 
cilitated this  Work,  as  will  appear  in  this  fol- 
lowing Example^  by  making  the  Une  if  Defence 
fland  at  Right-Angles  with  the  Flank  of  the  In- 
terior Fofygon^  by  this  Table^  whidi  liippofes 
Ftg.  74,  the  Ulterior  Polygon  tp  be  1000.    Then  v 
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Now  to  defaibe  the  Uext^on  PP,  £f^.  Then 
divide  the  Interior  FolMon  P  P^  into  1000  Parts, 
take  367  and  pridk  oft*  all  the  Capitals  PA  \ 
Then  take  203  and  prick  off  all  die  Gorges 
figf  74«  from  P  to  C  Now  draw  the  JJnes  (f  Defence 
AC  and  AQ  ^c.  Then  at  C  fet  the  flanks  at 
Right-Angles  with  the  line  of  Defence  AC,  & 
(hall  FC  be  the  F/<i^i(,  and  FA  the  Faus^  then 
finifh  every  Baftion^  and  ^our  Hexagon  is  For- 
tified ^  was  reguiredf 
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iO*  Thus  have  I  fet  down  the  feveral  Ways     §  3. 
mnd  Rules  for  laying  the  Fundamental  Ground  ohferve 
Ufifj  from  the  moft  confiderable  h^weers  of  'Wi  for  l 
this  laft  Age,  out  of  all  which  it's  moft  agree-  ^^7^^ 
able  to  thole  Authors^  and  to  Pradtice,  to  take  g^UtrFor^ 
7  of  the  Interior  falygon  for  the  Capital ^  y  for  tijicatm. 
the  Gorge  and  Fiank^  which  leaves  to  for  the 
CurtoiHy  and  let  this  be  taken  for  a  general 
Rule,  where  the  flank  and  Curtain  Hand  at 
U^bt'Angles. 

P  R  O  P-    VIl 

By  the  Semicircle  to  lay  dcmt  an  the  Gr4>und 
any  of  the  former  Fortifications. 

Having  drawn  the  Vlot  of  your  fort  on  lair  fig.  ^6^ 
perlal  Yaper^  or  V^Bom^  and  it  it  be  a  Regular 
fort  you  need  not  defcribe  it  but  two  HaljfBa- 
Jlions  from  the  Center^  for  thgt  will  be  fufficient. 
Havins  fuch  a  P/^^,  whole  Length  is  fet  dowQ 
on  eacn  refpedlive  L/w,  and  all  proper  Angles 
e]q)refred,  will  not  only  be  ufeiul  for  laying 
down  the  Work,  but  for  finding  tlie  Solidity  of 
the  EampartSj  ParapetSy  and  tne  other  Earths 
Works,    See  Fig.  76. 

If  it  he  in  fuch  a  Place,  that  from  the  Center  Cafe  i, 
of  the  fart^  all  the  Aisles  may  be  feen,  pbce 
your  Semicircle  at  Z^  and  lay  off  all  the  An* 
gles  of  the  Center^  whidi  here  is  60^  5  theij 
mark  out  the  Diamftrical  Unes^  and  making 
them  their  due  Len^h,  as  by  your  ?late  they 
appear  to  be,  fet  Piquets  on  all  the  P  P'"  up- 
n^t  with  the  Plane :  Then  take  up  your  In- 
miiment  and  place  a  Piquet  at  Z :  Then  lock- 
fmt  out  all  the  Polygons  V  P  :  Then  mark  out 
Ae  C?^^^^  CP,  then  fet  out  the  Eanks  CF,  ftg.-j6. 

S  4  either 
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§  3.  either  at  Right- Angles^  or  as  otherwife  required: 
Then  /ock-Jph  out  the  F/anks  C  F,  and  the  faces 
AF,  having  firft  fet  off  the  (i/^/W  PA,  €0  is 
the  F^r  lined  out  for^the  Ground-JJne. 

Cafe  2,  But  if  there  be  Uoufes  and  Obftacles  in  the 
way,  that  from  the  C^;7/fr  all  mav  not  be  feen, 
then  muft  you  mark  oiit  any  one  Side  and  mea- 
fure  it,  arid  at  each  £nd  fet  off  the  Angles  of 
the  Yolygon^  ( which  here  is  1 20°  )  and  draw 
Side  aher  Side  until  all  be  finiflied  :  Then  & 
nifh  the  Bafticms  as  before,  and  here  great  Care 
muft  be  had,  or  elfe  you  will  run  into  infipite 
Errors.       ,  ^ 

60*  But  you  haVe  Liberty  Experimentally 
to  alter  any  of  the  former  Proportims^  as  you        ' 
have  occafion,  ajid  as  will  beft  ferve  the  Place  ^ 
as  you  fee  by  the  Fortifying  a  ftraight-lined 

ffg*  77.  Figure  :  Fig.  77.  where  in  Count  P^ari's  or  in 
Maneffons  way  it  may  not  be  allowed  without 
fome  Alterations. 


SECT.    IV. 

The  Dimtnfions  and  Meafurts  of  the  Ram^ 
pires^  Parapets  J  Mote^  Covert  n>Ay^  and 
its  Glacis  J  with  the  Bre  aft-work. 

§  ^  'T*  H  E  Ramjpire^s  Thicknefi  and  Height  muft 
X  receive  its  Determination. front  tiie  Ju^g- 
mem  of  rfie  Ingineers  and  Purfe  of  the  Prittce. 
78.  The  Height  tS,  muft  not  exceed  18  Feet, 
nor  be  lefi  than  10  •,  the  Thidcnefs  may  be 
from  JO  to  80  in  all  Royal  Works^  and  accord- 
ing as  Earth  i«  to  be  had  j  the  Slope  of  the  In- 
I       '  war<l 


Of  Fortification.  265 

Mrard  Side  Rampire  T  R,  j s  qommonly  a  Foot    §  ^ 
foraFoQt,  therefore  RS  the  X//^,  will  be  er 
qual  to  the  Height  TS  5  fo  if  TS  be  18,  RS 
will  hi  18,  if  ly  then  i  j  Feet. 

'the  Outvoard  Slope  is  generally  proportioned 
4  a  Foot  for  a  Foot,  lb  if  the  Height  OQ^  be 
18,  the  Talu  O  A  will  be  9  Feet,  (Sfc. 

The  Height  oi  the  Farapet  ZD  muft  always 
be  6  Feet,  the  Exterior  Height  P  M  muft  be  4 
Feet,  the  Thicknefs  of  the  ?arapet  DM  in  light 
Earth  muft.be  20  Feet,  in  Jiiff  Earth  16,  and  . 
in  fblid  Rough  Ocy  14  Feet.  Suppofe  it  be 
18  Feet,  PM  will  be  4  Feet,  Md  2  Feet,  LD 
I  Foot,  fb  will  the  lower  Thicknefs  L  Q.  be 
ill  Feet 

Tlie  Height  of  tlie  Foot-Bank  VX  is  i  J  Foot, 
and  Thicknefs  V  L  3  Feet.  , 

The  Uzier  muft  be  made  fo  wide  as  to  fiip- 
port  the  Rampire  from  flipping  into  the  Ditch^ 
and  is  taken  from  3  to  10  Feet  •,  th^  More 
or  Ditch  may  be  from  70  to  1 30  Feet,  tliat 
is,  from  E  to  G,  and  the  D^th  IF  may  be 
8,  10  or  12  Feet,  the  little  Ditch  at  the  Bot- 
tom of  the  Mote  reprefenf ed  by  c  q  g,  muft 
be  as  large  and  deep,  as  tlie  Earth  and  Work 
will  give  leave. 

Tfe  Covfrt<oay  is  left  about  1 8  Feet  wide 
from  G  to  C^  on  which  is  placed  a  Parapet 
and  Bank,  like  that  on  the  Rampire^  which 
Tarapet  muft  flope  (6  into  the  Campaigner  that 
fl  ftraight  Line  arawn  from  Z  the  Top  of  the 
Rampire^  may  terminate  F  d  the  Slope  of  die 
CfacH. 

PROP. 
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§  4-  PROP.    vin. 

Horn  to  lay  down  the  Profile  of  the  Work^  Jct 
cording  to  this  Table. 

Feet. 

The  Safe  of  the  Rampart  R  A 7Q 

Height  TS  or  Od 16 

Jffward  Ta/u  RS ' ■■  i6 

Ontvoard  Ta/u  OA  — — - — ■  8 

Bo/e  of  the  Parapet,  Ld ■  21 

Jjmtark  Height  ZD ■ 6 

Outward  Height  MP  — ^ ^ 4 

Outward  Ta/u  MQ. 2 

Jm9ard  Talu  LD — — I 

Breadth  of  the  Foot-hank  V  L ^ ? 

Height  of  it  VX -~ i  \ 

The  Terra  P/ana  TV 22 

The  Berm  or  Uzier  A  E • — —  3 

The  Mote's  Breadth  EG IIJ 

The  Depth  of  itlY il 

Breadth  at  Bottom  FH • 88 

The  Ta/us  EI  or  KG 12 

Breadth  cf  the  /itt/e  Ditch  c  g — —  18 

Depth  of  tt       ^^***— — ' — — — ^— -.  J 

The  Covert-noay  GC 18 

The  Bafe  of  the  G/acis  or  Counterfcarp  C  d— 60 

The  Height  and  Breadth  of  the  Foot-bank^  and 

Height  of  the  Parapet^  as  brfore.^ — ^ 

Now  to  lay  down  this  Profile  do  thus  5  draw 
a  /^fs  or  Ground-Line  of  convenient  Length, 
M:  R80  ACGd,  then  by  a  Sca/e  of  20  or  jq 
at  moft  in  an  Inch,  reprefenting  Feet,  tak^ 
out  of  it  70  for  R  a!,  16  for  RS,  8  for  OA, 
I  for  AE,  112  for  EG,  18  for  GC,  and  6q 

fo? 


I 
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ibr  CD,  and  mark  tiiem  oflr  on  your  Taper^  as  §  4« 
in  Fig.  78.  fet  alfo  from  E  to  I  and  K  to  G, 
12  Feet  for  the  Taluks  of  the  iM^^rr,  at  S,  O  and 
C  raife,  and  from  I  and  K  let  fall  Ferpendicit^ 
lars.  Then  take  i5  Feet  for  ST  and OQ,  12 
fbrlFandKH,  and6fbrCf,  anddrawRT, 
TQ,  QA,  EF,  HG,  C  f,  f d.  Then  from  (^ 
fet  ofF OX  71,  LV  3,  (IM  2,  and  LD  i. 
and  raife  the  Verpcndiculars  M  P  4,  D  Z  6,  and  ^ 
VXi^  Then  draw  VX,  XT,  TZ,  ZPand 
PQ,  and  make  the  little  Ditch  by  its  Meafiire^ 
to  is  the  Vrofile  perfeded* 

The  Soh'd  Gmtent  of  thofe  EarihWbris  mar 
eafily  be  attained  by  the  former  Rules,  whioi 
Content  being  got  in  Feet,  Divide  the  ProduS 
by  3  24,  the  ^jioiient  (hall  be  the  5^//i/  F/^t^z-x 
contained  therein,  a  F/^^r  being  18  Feet  Square 
and  I  Foot  Deq>. 


SECT.    V- 

Of  the  Dimew/iims  anJXlm/lrM^iPH  of  PUt^ 
forms ^  OtveUers  and(j£AmSk  tn  the  Flanks^ 

l»  T}Latforms  are  Vlantatians  where  Guns  are     ^  ^, 

Jl  tobeplaoed,  and  are  commonly  made  c£ 
PZtfff^  ixASleepers^  there  needeth  for  on^un  to 
be  but  one  Vlasform,  whidi  mufl:  be  8  Feet  broad 
next  die  Tdn^t^  and  14  Feet  wide  at  tl^  other 
End,  and  thar  Length  fli6uld  be  18  Feet. 

2.  An  Embra/ure  is  the  Port-Hole  made  in 
the  Parapet^  which  towards  die  Gir^  muft  be  4 
Feet  wide,  and  towards  die  Campaigne  8  Feet 
wide,  whofe  Wight  mnft  be  proportioned  unto 
the  Whetloiib/^  Orri^f^  ana  are  169 18  or  20 
Feet  afundeTf  3*  Cd- 


cc 
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§  y.  5-  Caoaleers  or  ilLount^^  ^re  Mafly-pi^es  pf 
Etfr/ib  raiied  on  or  near  the  Rampart^  aoove  the 
Farapety  on  which  Ordnance  and  SmaUrfhot  nmy 
be  planted.  As  to  their  Conflxudion  I  fliall 
follow  the  Method  of  Maneffon^  who  places  tiiem 
in  the  Gorge  of  the  Baftio/iy  and  gives  this  Rule 
f\g.  79.  for  it,  £  faith  he]  "  lengthen  out  the  Une  of 
Dejence  to  JE,  until  it  cut  the  Capital^  the 
Center  of  your  Qaoaleer  fhall  be  the  middle 
Point  betwixt  P  and  E,  to  wit  at  F,  then 
^  with  the  Diftance  of  84  Feet  on  the  Center  F 
^  ftrike  a  Circle^  which  fhall  be  the  Baje  of 
*'  your  Caoaleer "  :  Now  its  Ueigjbt  ought  to 
be  at  leaft  20  Feet  \  and  if  the  Work  be  to  be 
faced  with  St  one. 01  Br'ick^  it  needs  npt  have 
^  Talu  above  3  I-  Feet,  fo  that  the  H'lameter  at 
the  Top  will  be  about  153  Feet,  whereon  fet  a 
Tar  ape  t  of  20  Feet  Seat,  and  4  Feet  high,  ando 
ther Dimenfions  asaforefeid^in  thtRampire^^nd 
there  will  be  a  Terra-plana  at  the  Top  of  above 
1 00  Feet,  whereon  fii  Pieces  of  Ordnance  may 
be  planted,  making  Embrafurcs  and  Vlatforms 
as  was  laft  diredt^ ... 

4.  Cazemats  are  made  in  the  Corners  of  the 
Flanksy  and  are  feveral  Tlatforms  fcr  Quns  to 
to  be  planted  oWy  the^reby  to  be  hid  from  the 
Batterv  of  the  Enem :  A?  tp  the  Conflxuftion 
I  ihail  follow  Maneyonh  Dire<5lions  \  Firft  as  to 
the  Form^  and  alfo  to  the  Meafure :  [faith  he*] 
^'  The  Cazenuae  fhall  take  up  one  half  of  the 
*^^  Flanky  and  no  ipore;  The  Grand  Casemate  D 
^^  B  is  about  7,  8  .or  9  Fei^t  from  the  Lruel  of 
''  the  P/ane  of  the  ft^/,  and  hath  a  PafTage  into 
^^  it  fix)m  within  the  Fort.kfi  is  its  Parapet  of  20 
'"  or  ?2  Feet  S^t,  and  in  if:  let  there  be  3  or  4 
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**  Embrafures  \  D  is  the  Part  thereof  fnoft  hid     §  j;« 

**  fifom  the  Enemies  Cannon  •,  F  is  the  Magazine 

*'•  for  this  Battery  •,  H  is  the  fecond  Cazemate^  G  Fig.  79. 

**  the  Ladder^  and  L  the  Magazine^  and  M  the 

**  Parapet  •,  tlus  is  to  hold  but  one  Gun  ^  M  is  the 

*  third  Cazemate  on  the  Level  of  the  Bajlion, 
^  which  let  be  all  firm,  in  which  let  there  be  no 
^  void  place.  The  Dimenjions  and  ConftruSicm^ 
according  to  the  Method  of  this  bur  Author  are 
thus.[Saith  he]  '^  Lengthen  iheUne  of  Defence 
"  from  C  to  G  fbme  40  Feet,  then  draw  C  D, 
**  parallel  to  C  f,  (by  Frcp.  4.  §  i.  Chap.  4.)  let 

*  CF  be  half  of  c  r,  lb  that  c  F  may  be  equal  to 
"  Ff,  then  from  the  middle  of  theF^c^  oppofed, 

**  draw  K  F,  and  let  it  cut  GD,  in  I,  then  make  I  p. 

^  L,and  FM  equal  to  6  Feet,  then  make  MN  66  ^^^'  79- 

^  Feet,  and  draw  NO  paraUe/  to  the  F/ank^ 

*  which  let  be  24  Feet :  Laftly  [faith  he]  for 
**  the  OriUon  or  Blind,  prolong  the  Face  F  T  36 
"  Feet,  and  alfo  F  V  36  Feet,  then  join  TV^and 
^  make  that  Part  all  folid :  So  is  your  Cazemate 
**  finifhed :  Let  the  Height  of  the  lower  Caze- 
**  mate  be  6  Feet  as  before,  and  let  all  the  reft 
^  be  completed  as  you  fee  in  the  Figure. 

SECT.    VL 

Of  the  Dhnenfions  and  Conflru5lim$  of  thfe 
Out-fVcrks  calleJ  Ravelins^   Horn  works ^    . 
Crown  Works,  &c. 

TH  E  Bjroelin  is  a  certain  Work  lying  be-     §  ^- 
yond  the  Mote  or  p//r&,  for  the  covering 
the  Curtain^  Bridge  and  Gate  j  the  A;i^e  of  the 

Rave/itt 
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^  $.  RMtSa  mnft  nor  be  lefs  than  60,  not  mnch  a-* 
bove  100  deg^  The  manner  of  ddineating  it  is 
thus :  Lengthen  out  the  Middle  Une  of  the 
y^.  804  Oittdn  OM  unto  a  convenient  Lengthy  then 
take  with  your  Compajjes  the  Length  c4  the  Cur^ 
idn  CC)  and  fetting  one  Foot  in  F,  the  Point 
of  the  fflce  and  flmk^  crols  the  Midd/e  Imc  ia 
Qy  then  laying  the  ^ler  at  q,  and  to  the  Vointt 
r.  draw  the  Lkncs  of  the  RaueGn  qR  and  ^  S, 
whidx  (hall  be  the  Grou/td-Unes  of  the  Raueltn  ^ 
The  ^/^  furroundins  it  muft  be  half  the 
Breadth  of  the  Great  mote  ^  jdie  Rampart  may 
be  30  Feet  thick,  and  fbme  6^  7  or  8  Feet 
high^  on  which  may  (land  a  Van^t  equal  to 
fg?*  81*  that  of  the  Rampire. 

Now  if  from  the  'Points  F  yott  raiie  fhreig^ 
lines  into  the  Campaign^  at  Right-A^es  to  the 
Curtain^  and  from  tl^  PiTr^/x  F  let  on  F  £^  and 
FE  720  or  750  Feet,  then  may  you  join  EE 
eiAerwith,  A^ 

Si^/e  Temdle:  which  is  done  by  joining  ££, 
and  mviding  it  into  four  equal  Parts  *,  take  one 
and  place  from  D  to  N,  and  fo  draw  ED  and 
EN,  to  have  you  a  Single-Tenale  lENEL, 
whidi  muft  have  a  Mote  Rampire^  and  Pan^ 
like  the  Raw/in.  Second/y  it  may,  if  occaiion 
require,  be  Fortified  with,  A  \ 

HornWork  :  which  is  done*  by  joining  the 
Points  E  E,  and  FOTtifying  the  Exterior  Poison 
ft0^H  EE  as  is  afore  taught :  Or  divide  E  E  into  tm-ee 
■^'  ^*  Parts  s  make  ME,  and  EN  equal  to  M  O  ^  then 
draw  N  M,  which  divide  (b  likewife  at  O  and 
P  $  then  draw  EO  and  £P^  then  at  P  and  O 
raife  Perpendiculars  O  d  and  P  R,  fo  fhall  M,  E, 
QjO,  P,  R,  E,  N,  be  the  HornWorJt  which 

was 
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t7ft3  defired  :  which  muft  likewi(e  hare  fmall    i^  6« 
Rdmpires  and  Par^rpeiSy  as  afore. 

For  the  CrownWorA :  From  the  Offter  of 
the  Fort  O  draw  O  M  B  of  a  convenient  Lengthy 
dien  from  the  middle  df  the  Ravelin  fet  off  looo 
or  800  Feet  to  B^  then  on  q,  ftrike  the  Arch 
DBF,  fet  off  the  Curtditi  and  Dmt<j(^ie 
P  CC,  from  B  to  Fj  and  G  |^th  ways,  thoa 
draw  C  1?  an^  C  E,  to  terminate  the  Points  I  fi^  ^ 
and  H  on  the  Counterfcarp^  then  take  ^  Part  ^*^^ 
of  BF  or  BE,  and  fet  it  horn  B  to  M,  and 
from  F  to  L,  and  from  E  to  M  ^  then  draw 
L  M,  and  M  N  s  then  for  your  Demi-Bafiions 
make  N  P  and  LO  equal  to  N  E,  C^r.  Then 
for  the  Demi-Gorges  or  the  whole  BaftioA  in  the 
lifiddle,  let  them  be  equal  to  {  of  the  Interior 
PofygonLTA  or  MN,  viz.  MT  or  MX^  then 
finifli  the  Baft  ions  by  drawing  the  Unes  of  De- 
fence^ and  railing  Terpeniiculars^  or  makii^ 
Angles  of  98**  at  O,  X^  Y,  and  P,  then  the 
Crown-fvork  is  finilhed  as  defired.  Tou  mav* 
make  Ravelins  and  other  Works  (beforementi^ 
oned  )  before  thefe  Curtains^  if  ocodion  require* 
There  are  fomc  other  Works  which  are  'uled  } 
as  Half'IAoonSy  Bonnet s^  Double  Tenailsj  Count er-' 
guards^  Horfe-Jhooes^  Priefts^apSy  Sec.  whicK  % 
would  be  (iiperfluous  to  (peak  ot  in  diis  Place* 

5f.  Ottadels  arc  Caftles  ot  F^-//  of  the  Icaft 
fert,  and  are  the  Outworks  laftly  ufed,  whidi 
are  *  commonly  of  4  or  5  Baflions^       ,  ,^      . ...    . 
5ja  are  placed  in  fuch  Order,  that    r.:/f  ^^  ^^^'^  f, 
there  may  be  two  Faces  and  a  Cur-*   the  Bv^t  fiauid  be 
fdintowzris  the  Ttnvn :  Ae  Conftnf    ffbeKcm^  md  t9  be  tbt 
Bion  whereof  is  after 'thb  manner  :    l^  ^<^  ^  '^^  ^  ^' 
Lengthen  oat  the  Unc  O  M,  and    ^^' 

thcran 
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^  6.  therein  find  the  Center  of  the  Ottdiei^  the  h§^ 
terior  Fol^on  of  the  Fentfgon  may  be  J  of  the 
Curtain  adjoining,  or  a  little  more  ^  tlie  Center 
of  the  Square  may  be  on  P  the  Paint  of  the 
'  Interior  Polygon^  the  Center  of  the  Hexagon 
may  be  near  the  outward  Point  of  the  Bafiion 
of  the  Toom^  taken  away  to  make  the  Gttaid 
in,  which  may  be  delineated  as  afore ;  The 
lAotes  and  other  Works  in  proportion  accord- 
ingly, and  the  Rantpiret  as  high  as  thofe  of  the 
Gty  otTofxm. 


SECT.   VIL    , 

Of  Jowt  Maxims  or  Rules  necejfary  to  be 
knovon  in  Irregular  Fortification. 

§  7.  \Rregular  Fortification  is  when  any  TotDn  or 
X  Place  is  to  be  Fortified,  which  Ueth  in  an 
Irregular  Form  \  i.  e.  whole  Sides  and  Angles 

^  ^i   ,   .  ii  r  a    are  unequal  in  the  Fortifying 

Pidce,  nntb  all  the  ws;$^  Puf  here  fay  very  nttle,  only  I 
faies.  Old  WdOs ,  Rivers ,  fliall  lay  down  fome  Precepts 
Fools,  ^'ciofuret^ind  affo^    ^^^  ^^^  ^f  immediate  concern 

ther  matters  fit  to   be  ^momn  ^  ^..-n.-   ^     r  t      ^   /       r* 

in  the  Drauibt,  and  tbert  he  ^  FortifVmg  of  Irregular  Fi- 
ts to  defies  wboi  Worlds  be  gures^  and  Ihall  refer  you  to 
findith  moft  agreeifig  to  the  perufe  Marlok^  Dcgen^  Fritacb, 
Fiace  to  be  Fortified.  Taumier,  Uiftchij^^  8cc.  which 

v^ill  greatly  fatisfie  and  help  you :   To  this 

end  know, 

I.  That  the  fame  Laws  and  Maxims  for  Efi- 

gular  Fortifications  ftand  and  be  in  Force  for 

Irregular  3  /•  e^  that  the  Une  of  Defence  muft 

not 
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not  exceed  the  Port  of  a  MusAer^  nor  the  A^i-    k  j^ 
gies  of  Ae  Baftton  be  lefi  than  60%  nor  much 
above  90%  0r. 

^.  That  no  Inward  Angle  of  the  Place  be  lefi 
tittn  90"",  if  it  be  ib  it  muft  be  altered,  and 
that  fpint  may  be  made  the  Outward  Point  of 
a  Baft  ion. 

,    9*  That  between  Rggular  zAUtregular  F^- 
tificationsy  there  is  no  other  Difference,  but  by 
rectifying  the  Sides  that  are  too  ihor^  or  too 
](»»,  and  altering  the  Angles  that  zte  too 
little ;  as  for  the  Sidesy  if  tihey  be  above  50Q, 
and  under  1000  Feet,  they  imy  be  Fortified 
hy  Baftions  placed  according  to  tbe  ufuat  man- 
ner, at  the  Extreme  Paints  thereof^  But  if  the 
Sides  be  between  1000  and  1700  Feet^  then 
in  the  midft  you  may  place  a  Plat-Baftion,  and 
at  the  Extreme  Points  place  two  Baftions^  as 
before  :  But  if  Ae  Line  be  kfs  than  500  Feet, 
you  may  lengthen  it,  by  producing  it  into 
the  Plane  •*  As  for  the  Angles^  they  are  made 
greater  or  kfler,  according  as  occafion  requi- 
reth.    For  the  Railing  the  Rampiresj  Parapets^ 
and  oAer  Out-works^  they  arc  to  be  as  in  the 
Usgular^  and  the  Out-work  may  be  placed  be- 
fere  the  Curtains^  as  was  before  mentioned. 

4.  That  the  Capital^  in  any  Regular  or  Irre- 
gular Baftion^  is  found  by  dividing  the  Ajigle  of 
the  Poison  into  two  equal  Parts  (by  Prop.  7. 
§.  I.  (j>(^.  4* )  and  by  producing  the  Line  cf 
Angular  Dhijion  or  Separations  on  which  the 
due  Lensdi  of  the  Capital  mufl  be  placed^ 
whidi  obferve  for  a  general  Rule. 

T  S  E  C.T" 
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\  SECT-    VIIL 

Of  the  Dimcnfiws  and  Cotffirdlipm  offmallF^rti 
§r  Sconces^  which  arc  imltfor  the  DcfBMce 
§ff0me  Pafs^  River f  or  other  Place.  . 

k  8,  'XIC/HEN  they  arc  made  R^tjar^  of  4,  f, 
V  V  or  6  Baftums^  then  diey  may  be  For* 
tified  by  the  precedent  Hules,  but  there  are 
others  of  fmauer  Dimeufions  fit  fer  tiie  ikme 
Puipofe  :  viz.  Triangle  tsith  Tiem-Baftians^ 
Square  wiidi  Demi-Baft ioftSy  ParaBeligrams'  wit^ 
DentiSaftioffs  and  Toxg,  Star-Redouhts  of  four, 
£  ve  or  vx  Points,  and  Flan  Redoubts. 

^  R  OP.    DC. 

To  Fartifie  a  Triangle  mtb  Demi-BaiHons. 

This  Triangle  may  confift  and  be  compre* 
hmded  of  three  equal  (^unequal  SiAes  in  this 
F7£4  84.  Example  :  let  it  be  an  Equilateral  Tria^k 
PPP.  Now  divide  PP  into  three  Parts,  then 
take  r,  and  prick  off  the  Capitals  PA,  C^c.  and 
the  Gorges  make  equal  thereunto,  as  FC,  PC, 
(fc.  rfien  make  die  Flanks  F  C  to  ftand  at  Right- 
Angles^  and  to  be  4  of  PC  or  PA,  then  drair 
the  Faces  AF,  AF,  (S^c.  and  the  Work  is  fi- 
nifhed  as  required.': 

P  R  O  P.    X. 

\  To  F^tifie  a  Square  mtb  Demi-Baftious. 

The  Sides  of  the  Square  may  be  from  100  to 

p    g-    200  Feet,  let  PP  be  180  Feet,  which  dWide  in- 

'^S*  o>-  to  ?  Parts,  take  one  for  the  Gorges  PC,  and  for 

the  Capitals  P  A,  and  prick  th^  off  all  rtnind 

as 


^1 
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lu  joa  lee,  then  take  4  of  PP,  and  at  IRight-An-     §  8, 
gles  pride  ofF  thee  flanks  CF,  then  draw  the 
Faces  AF,  AF,  &c.  and  the  figuri  is  coinj)leated« 

PROP.    XI. 

Td  fartiSe  a  Parallelogram  with  Demi-BafHons 
ana  Tong. 

Firft  defcribe  the  VarcMelcgram  atlumg^fuare^ 
PPPP,  then  divide  PP  into  6  Parts  (*  the  Side  on 
which  the  Toffgj  or  Tenoiky  is  placed)  and  make 
MG  equal  unt6  i  thereof,  and  alio  MG  and 
MH.  DrawCG^  G(;andCH,HC;thenfi-Fii.  86. 
niih  the  Dcm-B^ians  as  before,  fb  {hall  the 
UTork  be  compleated  as  was  required.  A  Lor^ 
Sqmarc  wslj  aUb  be  Fortified,  as  Fig^  77. 

p  R-o  P.  xn. 

To  Fortijic  a  Star-Redoubt  qf^  j  or  ^Points, 

I.  A  Siar-Eeioubt  cf  four  Points  msLf  have 
his SidefiK)m  40  to  60  Feet:  Firft defcnbe  the 
SMore  PPPP,  then  divide  PP  into  two  Parts  at 
My  take  i of  PM,  (and  bjr  Prop.  i.  §  i. Ch.±.)  %  87. 
raife  Perpendiculars  round  at  Af,  make  MA^ 
equal  to  -7  of  PM,  and  draw  alllas  in  the  figure. ' 

t.  A  Star-Bf  doubt  ofFwe  Points  is  thus  Forti- 
fied. Defcribe  the  Pension  PF,  &c.  then  divide 
PP  into  halves  at  M,  raiie  the  Perpendiculars 
Ma,  make  MA  equal  to  \  of  PM,  and  draw  ^    ^ 
the  Fort  in  all  refoefis  as  the  Figure  i4prefenteth«  ^'^'  ^^* 

3.  A  Star-Rfooubt  of  Six  Points  is  thus  For-    ' 
tified.    Defcribe  the  Uex^on  P  PP,  Gfe.  divide 
PP  into  two  equal  Parts  at  M,  then  raife  Per- 
fendiculars  at  the  M\  then  make  MA  equal 
to  4  of  PM,  or  >  of  PP,  and  draw  every  re-  Ftg.^^j. 
i^pedive  Line,  as  Tdtt  fee  in  the  figure. 

T  i  PROP. 
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^8.  PROP.    xin. 

To  Delineate  a  Plain  Redoubt. 

• 

Yldin  Redoubts  are  called  Grand  Redoabt^i 
which  are  ufed  as  Batteries  in  Approaches^  whole 
F^.  90.  'Side  may  be  from  60  to  80  Feet,  or  Petit  Re* 
doubt Sy  which  are  ufed  for  a  Court  of  Guards 
in  the  Trenches^  and  may  be  from  20  to  yo 
Feet,  and  ^re  framed  and  delineated  in  all  re- 
Ipeds,  as  you  fee  in  ¥rg.  90. 

The  Profiles  to  be  fet  on  thefe  feveral  Works, 
and  the  DILotes^  are  alterable  and  uncertain,  for 
they  being  foinerimes  ufed  in  Approaches  \  then 
they  do  require  the  Breaft-voark  at  the  Bottom 
to  be  7  or  8  Feet  wide,  and  the  Interior  Height 
6,  and  the  Exterior  5  Feet^  and  the  Mote  to 
be  either  8,  .10  or  12  Feet,  fometimes  14  or 
io  Feet  wide  at  the  Bottom,  and  the  Height 
df  7,  8  or  9  Ftet,  to  tave  two  or  three 
Afeents  to  rife  to  the  Parapet.  There  are  many 
other  things  belonging  to  this  Art,  which  the 
Limitation  I  am  bound  to^  will  not  permit  here 
to  be  treated  of. 


CHAP.     XIV. 

0/ Military  Orders,  or  the  Emiai telling  and 
Encamping  of  ScUiers. 

SECT.    I. 
Of  the  Emhatteling  and  Ordering  of  SfiUiers. 

k  ,.     T^  ATTAILS  are  confidered  either  in  re- 


JpeU  (f  the 'Number  oj  Men ^  or  in  refpeS 
of  the  form  4  Ground.    In  the  rrJpeS  ef 

the 
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the  Number  of  Men^  it  is  /tther  a  Square  Battail,  §.  i. 
a  Double  Battail,  a  Batiail  cfthe  Grand  Front, 
cr  a  Battail  (fanyVraportion^  of  the  Number  in 
Rank  to  the  Number  in  File.  In  refpeSofthe 
form  of  the  Ground^  the  Battail  is  either  a  Geo-  . 
metri^  Square  of  Ground^  or  a  Long  Square  of 
Ground.  For  the  Diftance  or  Order  of  Soldiers^ 
martiaiedin  Array,  is  diftinguifhed  either  into 
Open  Order,  tvbich  is  when  the  Centers  of  their- 
Vlaces  are  7  Feet  diftant  af under  ^  both  in  Rank 
andY'A^^  ^r  Order  ^  txihicb  is  inAen  the  Centers 
rfthe  Ylaces  are^i  Feet  diftant  both  in  Rank  and 
Fiks  or  elfe  %  \  Feet  in  Rank,  and  7  teet  in 
File. 

P  R  O  P.    L 

• 

To  f  lace  any  Number  of  Soldiers  (fuppofe  ?6oco  J 
m  fuch  Order  of  Battail,  that  there  fhaR  be 
my  Number  in  Rank  or  File.  Supp-fe  500 
in  RaiA,  hoa>  many  mud  there  he  in  File  ? 

Divide  the  Whole  Number  of  the  Army  by 
the  Afllgned  Men  in  Rank  (or  File)  the  l^uote 
(72)  is  the  Nunabcr  th^t  will  be  in  File  (or 
nank. ) 

P  R  O  P.    11. 

To  Order  any  Number  of  Soldiers  into  a  Square 
Battail^  ;W^;r. 

Admit  it  were  required  to  Martial  into  a 
Square  Battail  16 129  Men:  To  do  which,  ex- 
tradl:  the  Square  Root  of  16 129  (by  Prop.  9. 
§.  I.  Chap.  I.)  which  is  127,  therefore  you  vc 
to  place  127  Men  in  Rank^  and  alfo  in  FjU. 

Tj  PROP. 
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§  »•  p  R  o  P.  in, 

To  Order  any  Number  of  Soldiers  into  a  Pouble 
BattaiL 

Admit  16928  Men  were  to  beMartialled  into 
a  Double  B^nail^  eztraa:  the  Root  of  half  tli» 
Kumber  of  Men^  i.e.  of  8464,  whofi  Root  is  Q3, 
therefore  I  ik3r  that  92  Men  muft  be  plaoea  in 
Fiky  and  184  in  Rank^  to  order  that  Kund)er 
of  Men  propounded  into  a  Double  Baif^. 

PROP.    IV. 

To  Order  ofjy  Number  of  Soldiers  into  a  Battail 
of  the  Graxid  Front, 

Admit  iS^ooSoldiers  were  to  be  Martialled 
into  a  Battail  of  the  Grand  Fronts  that  is,  ^s^ 
druple.  JExtrad  the  Square  Root  of  422  $  ( that 
is  ;  of  the  Men)  the  Root  is  6$  %  therefore  I 
iky  6$  muft  be  placed  in  File^  and  260  in  Ran^, 
to  form  a  Battail  of  the  GroTtd  Front. 

PROP.    V. 

Any  Number  ifMen^  together  mth  their  Diftance 
in  Rank  and  Pile,  bei^g  propounded^  to  Order 
them  into  a  S<|uare  Battail  ofKjround. 

r  Admit  25po  Soldiers  were  to  be  MgrtiaUed 
into  a  Square  Bat  fail  of  Ground,  in  fudi  fort 
that  their  Diftance  in  Ftle  fliould  be  7  Feet;  and 
in  ^nk  I  Feet,  and  'tis  reared  to  )cnow  bow 
many  Men  muft  be  placed  m  Rank  and  in  FUe 
to  draw  up  2^00  Men  into  Square  Battail  of 
the  Ground.    According  to  Frop.  i.  §.  i.  C&.  i. 

far;  As 7  to  3 ;  5^  ^  2500  to  107X3  £?V. 

Ufhofe  Square  Root  is  32,  (S^c.  therefore  I  lay 
32  Men  are  to  be  placed  in  FUe^    Mow  to  find 

how 
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\«m  many  Mcii  are  to  be  placed  in  'Rankj  Di-    4  !• 
vide  2J00  by  32,  the  $ltiment  is  78,  which 
are  the  Number  of  Men  to  be  pkced  in  Hank^ 
and  4  Men  to  be  difpofed  eUewl^e. 

P  R  O  P.    VI. 

Any  Nmber  if  Soldiers  fropamied^  to  Order 
them  tn  Rant:  end  File»  according  to  the  rear 
Jon  of  any  two  Ntmbers  given. 

• 

Admit  ^6400  Soldiers  are  to  beMartialled  in- 
to Arra^j^  in  fuch  Order  that  the  Number  of  llleir 
^placed  in  FUe^  ihall  bear  ilich  Proportion  to 
^  Number  in  Bjmk  as  7  to  1 3  ^  (according  to 
Vrop.  I.  §.  i..Cbap.  i.)  iky  ^j  to  135  io  is 
6400  to  11885^,  Qfc.whoik  Square  Root  is  10^^ 
Sfc.  the  Number  of  Men  to  be  placed  in  RanJk^ 
hv  whidi  divide  6400,  it  produces,  ^8^  C^^, 
tne  Number  of  Men  to  be  placed  in  A/if,  aa4 
78  Men  to  be  employed  el&where. 

SECT.     II. 

Cf  O^rametatiowg  or   QMorterit^  and  Eft^ 
cjmfing  0/  SeUiers. 

IN  Quartering  and  Encsming  of  Soldier i^  it    k  2, 
is  requifite  me  ^arter-Mafter  Qenerai^  an4 
all  other  under  ^ttarter-NL^erSj  be  skilled  at 
SooulAtafure^  dnt  ib  they  may  lay  out  thrir 
^M^tfters  as  direded.  ' 

The  amunon  AQofmuice  ibr  die  Depth  of 
Ground^  diat  a  Regiment  ofUor/e  or  iwt  w31 
take  up,  the  Widoiefi  muft  be  anfiremble  to 
thetfumberofMeo2oo  Feet  fotibkUuts  ia 

T  4  Lepgth, 
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^  ±  X^eiigltfa)  aod  loo  for  the  Commanders  and  Sut^ 
^ers  before  them  s  every  two  Soldkrs  to  a  Hut^ 
g  Feet  bro^d,  and  8  Feet  deep,  a  Feet  Ifof  from 
Uut^  fo  that  there  may  ftand  jio  /(«r^  in  the  200 
Feet,  the  Alley  betwixt  Uut  ai)d  Hut  may  be  8 
Feet^  that  is  16  Feet  in  width,  and  200  in  Length 
for  40  Men,  which  is  3200  Feet,  and  for  the  too 
Feet  mote,  1^00  Feet,  in  all  4800  Feet,  and 
there  muft  be  25  Rows  oi  Huts  101  looo  Men  j 
fb  that  for  a  Regiment  ^F(7c?/j:ontahiing  ipoo 
Meo,  with  "Officers  and  ^utkrs^  will  take  up 
^20000  Feetj' which  is  2  Acres  and  ?  l^oois^ 
which  becaufe  of  Ways  may  be  allowed  3  Acres 
of  Ground  for  every  Regiment^  which  may  be 
^5:0  Feet  deep  and  370  Feet  wide;  'or  near  366 
Feet  Square:  Now  if  looo  Men,  Officer ^^  Sutlers^ 
High-wops,  and  all  take  up  a  Square  of  360  Feet^ 
how  many  Feet  Ihall  the  Side  of  a  Square  be 
wherein  1 0600  foot^men^  &r.  hiay  be  encamped  ? 
fay  (by  Frop.  i.  Chap,  i.)  as  looo  to  loooo  s 
io  U  the  Square  ot  •  360,  €v.8r.  i  a^^oo^  to 
1296000^  the  Souare  of  1138  Feet,  which  is 
yery  near  30  Aores  of  Ground. 

For  the  ^^rtfring  of  Hotfe^  ynu  muft  keqi 
the  fame  Depth  of  300  Feet,  for  all,  and  take 
200  Feet  for  the  Jiuis^  the  Hor/e-Huts  muft 
be  10  Fefet  deep  and  4  wide  ^fo  that  13  Borfels 
|nay  fiwd  in  one  tht  together,  which  is  48  Fed 
long  and  10  wjde,  and,  6  Feet  a  Street ;  The 
Huts  {qx  thsTrpopij  wijl  be  S  fpif  j  2  Trfiops\  novfc 
conceive  a  Regiment  to  confiftof  8  Troops^  50  to 
^Trcop^  it  -v?0l  t^ke  qp,  leati/lgr20.'Feet  Strfefets, 
9nd  Crofi-^ays,  Very  near  as  much  Ground  ^ 
^  Regiment  of  Foa.^  Ways  smd  all  muft  beallowVl 
J  Afre§,  BCRi  3^Q  F^t  Sqi»^t»  fa  that  lo  R^j?/? 
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tKfiti  tf  Harfe  will  take  up  30  Acres ;  More-  §  2. 
over,  it  will  be  needful  and  you  may  very  well 
allow  as  much  Ground  as  both  horfe  and  foot 
will  take,  for  the  Train  ofArttUery^ViSuallersy 
Varade  Flaces^  ice.  From  thefe  Confideratioiis 
the  young  Beginner,  nay  even  the  better  pm- 
ftifed  SolScp^'mzj  receive  Hei]>,  and  thereby  h^ 
enabled  to  Eiicamp  an  Army  it  required.  J 
»  .        .         ■» 

iCHAP.    XV. 


■M^ 


s  E  G  X   i:  . 

Of  the  Namis  ef  tie  Principal  Memhrs  1/ 
a  piece  of  Ordnance^  ^ 

* 

.l.Defin.  ^    CANNON  is  a  long  round     k  j. 
Z;^  Body,  either  of  Brafs  or  Iron^ 
formed'  and  made  hollow  by 
Art,  and  Proportion,  to  offend  afar  of,  with  a 
Ball  oilron^  Stone^  or  any  Artificial  Subflance, 
Charged  with  Gun-Powder^  in  it's  charged  Q- 
/ind^f\  which  being  fired^  in  an  inftant  performs 
its  defired  EfFeft.    This  Machine         ..     .^,  - 
^  jpWntea  by  an  £^i>«^^,    Bomt«C£i?cSf::: 
and  firft  put  m  Pradice  by  the    arc  ficaUcd  frm  Bom- 
Venetians  againf^  the  Genouefes  at    bo»  *  rifnndim  N-ifu 

ChitZZiL  Anno  137^.  C«n&cmc,orCi»n^,/"/«-^ 

^  ^  •  the  kkfnefs  H  holds  nitb 

bif  dnna^  Bore  jot  ConcavUy\  Arteglcrw,  from  Artiglio,  theTdons  or 
dlaws  if  kavtfiom  fowlsi  becaitfe  its  Shot  ff)hg  af»  off^  tears  and  de* 
fates  dS'that  it  dsth  me^t^  from  wbtue  fame  Satmes  oftbk  Maibine  a*e 
ikOed  Smerigjii,  hng-win^  Ht^v^kfy  Fakodi^  FaUonets  $  PafTa  volaiti, 
imijj^fiifiAiiim,  &c.        '  2.  The 


iSi  Of  Gwmery. 

%  I.         2.  Tb^  Superjictes  of  die  dUgtal^  19  tbe  Odt? 
iide  round  about  the  Yuce. 

^.  The  Body  is  the  Subftance  of  die  wiiola 
Mafi  of  MftaL 

4,  The  (3^  is  die  Concavity  of  the  Piece^ 
in  virliich  diejr  put  the  CSiarge. 

%.  The^lfii^r^/istheExtitemity  ofdieC^^ 
by  which  you  load  and  unload  die  Yitct. 
i/^.  91.  ^*  "^^  Calibre  is  A  B  the  J^iameter  of  the 
dlLizzel  or  Mouib. 
.  7.  The  Touch-bole  is  that  little  K^wr  which 
pafieth  from  the  Conwx  Superficies  to  the  very 
Chamber  of  die  P/zr^,  made  to  give  fire  to  the 
Vowder  within,  as  C  ^  that  whic£  endoletfa  the 
Extremity  of  the  Chafe  about  the  Touch^le  is 
called  the  Breech  or  CoyL 

8.  The  Cafcabel  is  die  Jfmmel  at  the  Breech 
or  Qv/,  as  U. 

The  Trunnions  axe  pieces  of  ^/^ /  fixed  unto 
the  Exterior  Superficies  of  die  Gutt^  on  whici} 
he  moves  in  the  Qrrri^ej  as  E,  E. 

The  Body  of  the  Piece  is  that  which  is  oom^ 
prehended  betwixt  die  O/iser  of  the  Trunnimu 
fii.91.  2nd  the  Ca/cabei  EG. 

The  Vacant  Cylinder  is  comprehended  be^ 
twixt  the  Center  of  the  Trunnions  and  the 
Muzzel^  as  EB. 

The  frees  ot  Muzzel  Ring^  is  that  thick 

Cormfi  which  encompafleth  the  Convex  Superfi- 

cies  of  the  IBieee  at  I,  die  Bafe  t^ing  is  KL<x» 

the  Reinforced  Ring  is  M,  the  Trunnion  Rsjig  is 

.    N,  and  the  Corntfl)  Ring  is  0. 

Tbe  line  of  the  Cylinder  is  a  dired  Line  imar 

^ned  to  be  defcribed  along  the  Chafe  ParaM 

unto  the  Middle  ef  die  C&s/^,  as  XZ* 

Tbe 
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The  Vm  cf  lAgtal  is  a  Line  toudung  both     §  i* 
Cdrffijhes^  as  MNI.  fig.  $u 

Thri  Diffart  Uine  of  the  Tiece^  is  Ac  DiiFe- 
raice  betwixt  the  Semidimeter  of  the  Muzgfl 
aiid  B^  Ri/r^,  ^  the  Line  I H. 

The  Vent  of  die  P/^^^  is  the  Difference  be* 
twixt  the  Diameter  of  the  Shot  and  the  ^^i^i^ 
of  the  Piece^  as  e  d. 

The  Chamber  or  Charged  CyRnder^  is  that 
Part  of  die  C&^  towards  the  Toud^bole  equally 
Jarge,  nor  narrower  in  O06  Place  than  in  ano^ 
ther>  and  doth  contain  the  Tawier  and  TiaU. 

V 

SECT.    11. 

Q^  the  Dimtnjimi  #/  cw  Ufual  Emglijh  Cannon^ 
MMdptherOrJnance^  &c. 

IN  the  fblbwin^  Table  I  have  fet  down  the    §  t. 
Length  and  Wei^  of  our  mc^  xx^aalEj^lifb 
Ordxanci^  the  Diameters  and  Weight  of  their 
fimOets^the  Length  and  Breadth  of  their  Lad/et^ 
the  Wei£^  of  FcwJkr  to  Cbargie  diem,  (fc. 

PROiP-   I. 

Hm  te  knew  the  Afferent  fortajicatlon  (f  a  Viect 
if  Ordnance* 

In  Fortifyii^  any  Piece  oi  Ordnance  there  art 
three  Degrees  obierved,  as  firfl:  Legit imate  Pieces f 
which  are  tiiofe  that  are  ordinarilx  Foftifiedi 
fecondly  B^ard  Pieces^  which  are  inch  whofe 
fir/^GnirfM  is  lefieoed  (  iiikdly  Det^  Fortified 
fiecet^  or  extraordinafy  Pvces. 

The 
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The  for(tfi€aUon  of  any  Piece  of  Ordnance^     ^  2* 
is  accounted,  by  the  Thicknefi  of  the  Metal^  at. 
the  Touch-hole^  Trunnions^  and  at  the  Muzzcly 
ill  Proportion  to  the  Diameter  of  the  Bore. 

The  Legitimate  Yiecesy  or  the  ordinary  F^r//- 
jiei  Cannons^  have  |  at  the  Touch-hole^  J  at  the 
Trunnions ^Tlxx^  \  at  the  Muzzel  of  the  thicknds 
of  the  Borey  in  thidcne^  of  Metal.  Ba/iard 
Cannons^  .or  le/ned  Cannons^  have  J  at  their 
Touch-hole^  or  H,  and  t|  at  their  Trunnions^  and 
t|  at  their  Muzzel:  the  D^?;/^/?  for tified Cannons 
h*ve  foil  one  Diameter  of  the  Be^r^  in  thicknefs 
of  ilfk/W  at  the  Touch-hole^  and  -tg  at  the  Trun- 
nions^ and  Tg  at  their  Muzzel.  Now  all  Double 
fortified  Caherins\  &c.  are  \  at  the  Touch-bole y 
}^  at  the  Trunnionsy  and  ,|  at  the  MuzzeU  and 
the  Ordinary  fortified  Culverinsy  are  Fortified 
every  way  as  D(W*A?  fortified  Cannons^  and  /^ 
ir^i  Culver  ins  as  Ordinary  Cannons  in  dl  re^peds. 

P  R  O  P.   ri. 

ifoto  /^  ^^Tto  how  much  Powder  is  fit  for  Procf^ 
and  what  for  Service  for  any  Piece  of  Ordnance* 

For  Cannons  take  ^  of  the  Weight  of  their  Iron 
Bullet  of  good  Com  Powder  for  Probf,  and  for 
Service  i  th^  Weight  of  the  Ir^Tzr  BuUet  is  fuflSdent^ 
cfpecially  for  Iron  Ordnance^  which  will  not  en- 
dure fo  much  Powder  as  Br  j/i  ones  will  receive 
by  ^  in  Weight,  for  Culverins  allow  the  whole 
Weight  of  tne  Shoot  for  Proof,  and  |  for  Ser- 
vice- For  Sakers  and  falcons^  take  ^  of  the 
Weight  of  the  Siot,  and  for  leffer  Pieces  the 
^hoTe  Weigjit  may  be  ufed  in  Service,  imtil  they 
.grow  hot,'  bat  then  there  muft  be  fbme  Abate- 
-"  ment 
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^  2.    ment  made  at  Difcretion^  and  take  i  ^  of  difl 
W^eight  of  their  Iron  BuUet  for  Proif. 

PROP.    III. 

To  knom  vabat  BuOei  is  fit  to  hi  ufei  hi  cttf 
Viece  of  Ordnance. 

The  BuJkt  mufl  be  fomavhat  lefs  than  the 

hore  of  the  Gun^  that  (b  it  ma^  have  Yent  in 

the  Difcharge  \  fbme  Authors  affirm  \  of  an  Inch 

lefi  than  the  Bore  will  ferve  all  Ordnance^  but 

this  Yent  is  too  much  for  a  falc(m^  ice  and  tcKi 

little  ht  a  Cannon :  therefore  I  approve  di^ 

»  *  Mr     not,   but  commend  Mr.  PhiSp's  Proportion  ^ 

^j*J*^     to  your  Ufe,  which  is  to  divide  the  B^^  of  the 

M^ffMtfiL    ^^  ^^^  ^^  ^^1  Pztts  I  and  let  the  Diameter, 

Wge  155.  of  die  BirOrr  be  ^  thereof,  according  to  which 

Proportipn  the  precedent  Table  is  calculated^ 

P  R  O  P-    IV. 

r 

fiy  kmm^g  the  Froportion  of  Metals  one,  to  mo^ 
therj  and  by  knowing  the  Weight  if  one  BaU^ 
to  knam  what  any  other  JhaU  vaeigh. 

The  common  received  Proportions  for  iUr^ 
tals  are  thefe : 

Ifjtad  is  to  Iron  as  2  to  3. 

JLeai  is  to  Brafs  as  24  to  19. 

Lead  is  to  Stone  as  4  to  i.    . 

h'on  is  to  Lead  as  3  to  2. 

Iron  is  to  Brafs  as  16  to  i8. 

b'on  is  to  Stone  as  3  to  8. 

The  more  exa£l  Proportion  betwixt  Metdt 
tc«  thus  known :  AdmitaG^^,  or  Ai2  of  Ga£^ 
wei^  100  /•  a  Ct^e  of  any  of  thole  Metds  at 
filing  iof  the  fame  bignefs,  fhall  bear  fiich  Rq^ 
portion  as  fblloweth,  to  thje  laid  Qibe  ofCoUL 

Ooti 


A",  pfs. 

A  />f/. 

lOO  oo 

//•«» 

42  to 

71  4? 

Tfer 

38  95 

69  n 

Stone 

15  80 

54  39    Water 

.    05  68 

47  37 

• 
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Silver 
Brafs 

It  is  the  Opinion  of  Dr.  Wybardm  his  Tiff^ 
«^/m,  that  a  Bj^iltor  of  Gj^  Irony  whofe  Dtatneter 
is  4  Inches  doth  weigh  9  A  Averiupolze  Weight. 

Kow  to  find  what  any  other  B^iZf/  or  Cube 
fliafl  weigh  i  (ay  (as  in  Frop.  4.  Ci^.  i.)  As 
tl^  Cube  01  the  £i^2f/  propounded^  is  to  his 
Weight,  €0  is  the  Cube  of  another  Biv/Eff  gjven^ 
to  Ms  Wd^t,  and  ib  obferve  fHll  this  Pro^ 
portion. 


*■  ■»■! 


SECT.    III. 

Of  the  Qualificatiem  of  am  ahk  Gumtery  and 
utctjfarf  Oferathms  iefere  sSooting^  and 
in  /hoothfg, 

A  Gunner  ougjht  to  be  a  Man  of  Courage,  ^  ^^ 
lEzpfrience,  and  Vigilant  ^  he  ousht  to 
have  good  Skill  in  Arithmetick^  to  know  the  Ex- 
tradion  of  the  Roois^  dec.  He  ought  to  have  Skill 
m  Geometry^  to  take  Heights^  Djftances^  fcc.  to 
know  the  DiviJtons  and  Ufe  of  nis  Circle ^  S^a- 
drant  and  f^airet^  to  know  Ik>w  to  level  and 
to  lay  flatfarms^  and  to  raife  Batteries.  He 
nraft  know  the  Karnes  of  all  forts  oi  Ordnance^ 
their  Weighty  the  Height  of  their  Bare^  the  Height 
mnd  Weight  of  their  Shat^ibeLexigtb  andBr^df/6 
^  their  Ltti/Srx,  how  iniidi  Fmder  to  ufe  far 

Proof 
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4  J.  VrodJ  and  ASion  ^  The  Shoots  Level  and  the 
JShoots  Random  ^  He  inuft  know  the  Names  of 
«11  the  Members  of  a  fiece  of  Ordnance  \  he  muft 
alfo  know  the  Lengthy  Tbuknefs  and  Breadth 
o£  all  manner  of  Carriagesy  and  muft  know  all 
the  Parts  thereof:  viz.  the  Cheeks  or  Sides  ^  the 
Ax'tree^  Spoke s^  Nave^  HoopSy  Trartfomes^  Bolts^ 
]?latesy  Drawing-Uooks^  the  Qout^  the  Ho/e  for 
the  Linjpiny  tlw  Sft^/zj-,  the  X&ifl  and  TkiHrbolt^ 
ihe  ¥ore^lock  and  Yore-lock-heys^  Cap-fquares^  the 
Tare-lock-fins  and  Cfc///^,  the  ?/;///(?  and  A?/i- 
3^«fe,  Fellows^  Nails^  Felhw-bars^  StirropSy  the 
R;r/ J  of  the  W^^^/,  bovoledges^  Bedsy  Coinsy  L^- 
j/^rj-,  Hiind'fcrewsy  &c.  He  muft  alfo  know 
how  to  make  his  Lad/esy  SpungeSy  Cartridges^ 
whether  of  Vaper  or  Canvasy  and  to  have  by 
him  Formeres  of  all  forts.  Sheep-skins  undreft 
to  make  Spungesy  Powdery  Shoty  Needles^  Thready 
Tafle  and  Starchy  Marliny  Tuiiney  Nai/Sy  Hand- 
fpikes^  Crows  of  Iron^  Granado-JheUs^  and  Mate* 
riak  for  Compofitiony  Fafcesy  Budg-Barrelsy  Cart- 
non-Basket Sy  &:c.  Thefe  being  general  things  he 
is  to  know,  and  at  all  times  to  have  ready  }af 
him,  and  he  is  more  particularly  to  know  thele 
following  Parts  of  his  Art :  As, 

PROP-    I. 

How  to  Tertiiite^  ^adratCy  and  to  pifpart  a 
Fie.e  of  Ordnance. 

1.  To  Tertiate  a  Fiece^  is  to  find  whether  it 
hath  its  due  Thicknefs  at  the  Trunnions^  Toucb^ 
bole  and  Neck  y  if  the  Trunnions  and  the  Neck 
are  in  its  due  Order,  and  the  Chafe  ftreight. 

2.  To  Quadrate  a  Piece  mounted,  is  to  fee 
whether  it  be  direSily  placed,  and  equally  poized 

in 


\ 
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in.tbe  Carnage  ^  which  is  known  by  finding  in  §3* 
the  Comdex  Superficies  of  the  Ba/e  and  Muzzel 
Rifz^\  the  Point  which  is  Perpendicular y  over 
the  Soul  of  the  Piece :  which  may  be  found  by 
the  Gunner's  Inftrument,  called  a  Levels  an 
Inftrument  whofe  Ufe  is  ^o  vulgarly  known, 
ihsX  it  needeth  not  my  Explanation. 

?.  To  t)ijpart  a  Piece ^  is  to  fix  or  elevate  on 
the  Convex  Point  of  the  Muzzel  Ring,  a  Mark 
as  far  diitant  from  the  Cylinder^  or  Soul  of  the 
Piece^  as  is  the  Poii^t  of  the  bafe-BJng  •,  to  the 
end  that  the  Vifuai-rcy  which  i)aflreth  by  thefe 
Marks,  may  be  Parallel  to  the  Cbafe\  Soul^  or 
Cylinder  of  the  Piece.  Now  the  Difpart^  i.  e* 
tne  Difi^rence  of  the  Sewidiameters  of  the  Cor-^ 
nlfhesy  may  be  by  a  pair  of  Calliper'  Compajfer 
attained :  Which  found,  place  on  the  Top  of 
the  Carnijh  Rh^  near  the  Muzzel^  over  the  mid** 
die  of  the  Inferior  Cylinder. 

PROP.    11- 

To  know  bow  far  any  Piece  of  Ordnance  wilt 
Jhoot^  &c. 

As  to  the  feveral  Shootings  in  ArtiJkry^  Au- 
thors differ  much  in  their  Judgments  and  Opi- 
nions, but  they  all  unanimoufly  agree  that  the 
JBjfl  being  fhot  forth  flies  through  the.  Air,  with 
a  Violent^  Mixt  and  Natural  Motion  •,  defcri- 
biiig  a  Parabolical  Line^  in  whofj  B^inning 
and  Ending  are  Lines  fenfibly  ftreight,  and  in 
Middle  Curved :  In  the  Beginning  the  Impreft  p^^  ^2. 
Force  driving  forward  by  the  Fire,  the  Natural 
Gravity  of  the  Ball  doth  defcribe  a  Rigbt-Une^ 
called  the  Direil  JJne^  or  Range t  of  Uie  BaU's 
Circuit. 

U  In 
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^3,         111  the  Middle  that  Force  diminiflieth^  and 

the  Natural  Gravity  prevaileth,  fo  tliat  it  defcri- 

beth  a  Curved  Line,  called  the  BctTs  Middle  He- 

*seA^.  Heal  or  Conical  Arch"^^^  In  the  End  the  Natural 

D'iD^hhk  Qraviiyovetcbmm^ikiit  Impreft  Violence, (which 

\dz^Tagc  ^oi^«*  altogetlier  weak  and  faint)  defcribes  a 

J  79!         new  Right  Line,  called  the  BdWs  Declining  Line^ 

in  which  the  Bait  tends  towards  the  Center  of 

the  Earth,  as  towards  a  Place  natural  unto  all 

heavy  Bodies:  SoeFtgure  92.    The(e  Motions 

are  fomewhat  longer,  according  as  the  Piece  is 

mounted  from  the  Level  unto  the  Angle  of  47 

deg.  which  is  called  the  Vtmoft  Random  :  The* 

Elevation  of  which  \s  regulated  by  the  Gunners 

^adrtinty  the  Ufe  of  which  Inftrument  is  fb 

generally  known,  and  by  fo  many  Authors 

fully  explained,  that  I  here  crave  Leave  to  o- 

mit  it :  But  take  thefe  for  General  Rules. 

General         I.  That  a  Shot  at  Riglit- Angles  ftri^es  niore 

i^a/w^r^e  violently  and  furioujly  thdn  at  Oblique  Angles  5 

%eAtt!r'  /fefr<f/^r^  Gunners  uje^  vchen  they  are  to  Batter 

hg  down  cf  down  a  Tower,  Wall  t?r  Earfh-work,  tpjhoot  Point 

d  Phce,  or  Blank  at  the  ObjeS^  Tire  by  Tire  •,  by  difchar- 

^kJH^f  ging  all  the  Pieces  in  the  Battery  againji.  tSe/elf- 

breaches.   j-^^^Q^jf.^  i„  the  fame  Injfant^  holding  it  tcM"  a 

Maxim,  that  Ten  Cannons  difcharged  together^ 

do,  far  more  Execution  than  difcharged  one  cfter 

another.    Now  at  Oblique  Angles  they  moot 

either  Crofs-ways  or  by  rebounding. 

2.  That  thefpeedieft  may  to  make  a  Breach  in  a 
Wall,-  £?V.  is  byfbooting  at  the  Ob] eU  from  T«w> 
Batteries,  vbhnh  ruins  far  more  fpeeJuly  than  by 
firikiTjg  the  Objeff  with  one  Battery  at  Right- 
Angles,  although'that  ine'B^tXety  hath  as.  fnany 
Cannon  ae  the  other  Two  hath,  ', 

9.  Tf)at 
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;•  That  fym  voere  to  batur  a  Flank  ccvcred    ^  3^ 
tcjib  an  OrillioD,  (vAnch  b^caujeyou  cannot  pof*^ 
Jibfy  Batter  it'right forward) you  muli  therefore 
ffntcejjity  Batter  it  Ohliqitiiy,  fy  way  qfttehomir ."  ^cmi^ 
ing^  thus  :  Cbufe  a  fit  Place  in  the  Curtain  to  ^  'V^ 
be  your  OhjeS^  on  which  you  may  play  with  ©' ctatei^ 
your  Battery  Obliquely,  <b  thit  by  a  Rebound  on  the  ^b 
the  Shot  may  leap  into  the  Flanks^  holding  for  ^f^-  «f 
a  Maxim,  in  this  Operation,  "^Tbat  the  j^&s  ^/''5 
cf  Incidence  and  Reflexion  are  E^uai.  EodiA 

Now  we  come  to  Ihew  the  Lfflgth  of  the 
Right  Range^  of  all  our  Common  Englifh  Ord-^ 
nanccy  which  i«  fet  down  in  the  precedent  Ta-^ 
ble^  in  which  the  Cannon  cxceied  not  i8y  Vaces^ 
Sec.  Efteeming  the  Pa^e  5  Englifti  Rety  nor  his  . 
Mtmoli  Random  above  i8$o  Paces ^  winch  Tab/ie 
fb  fheweth  for  all  other  Natures. 

As  for  the  Ranges  and  Randoms^  to  the  feve- 
ral  Degrees  and  Points  of  Mounture  of  the 
^airanty  I  have  hereunto  annexed  fbmeX^Zrx 
calailated  by  the  Experiments  of  fundry  moft 
Eminent  Artiftsy  whofe  Vorks  will  perpetu- 
ate their  Worth  and  Name  to  fuccoeding  Gene- 
nerations. 

The  Ufe  of  the  foBotoing  Tab/e  if  Randoms. 

This  Tab/e  is  moft  agreeing  to  Cannons  and 
Cuherinsy  and  the  greateft  lort  of  Ordnance^ 
the  U(e  wbeareof  is  thus : 

Admit  a  Saker  to  be  mounted  to  \  ieg.  (hocrta 
the  Bulkt  %2i  Pacesy  hem  fiir  will  k  (boot  b^* 
Wg  nxmhted  umo  7  ir^  ^  Say  (^  Prm  I .  C^p.  7.) 

As  510  the  Tabmar  Difiance  fw  ?  dqg.  dE 
Monntttrc^  to  929,  theC^M^  found ; 

So  is  994  the  Tabular  Diftance  far  7  /iidf.  of 
JUbunture^  to  5^<^  the  Dj/2tfarf  required, 

U  2  wh^ch 
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§  3,     Vhich  the  Saker^  according  to  this  Experimedf, 
flwill  Ihoot  at  1  ieg.  of  Mount ure^ 

'  il  Ttf&fe  ^  Ranges  and  Randoms^  .to  the  feveral 
"  ■  '  '  Degrees  cf  Mmnturc  of  the  ^adrant* 
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S   *" 

i 

85$ 

^      40 

2     3389 

0    50 

< 

1000 

^      50 

2      228J 

'■«    *5o 

^ 

1140 

60 

fc  »792 
K     1814 

70 

K 

1220 

7? 

80 

1306 

80 

ICOO 

90 

1350 

90 

• 

Mr.  NTE  in  his  Book  of  Gunnery^  Printed 
Amo  16A7.  faith  he  made  an  Experiment  by  a 
SaAer  ot  8  Feet  long,  which  he  loaded  wi^ 
Three  Pounds  a£  Powder^  of  an  exaft  Weighty 
ijoth  VotiDder  and  Wad  at  every  Charge,  every 
time  ramming  it  down  with  tliree  equal  ftroaks, 
4is  near  as  polfible  •,  but  on  the  BuUet  he  pot  no 
Wad^  becau&the  S^^rwas^.  mounted^  And 
. .  ..  -  thus 


! 
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S*  us  he  iiiade  four  SSwots,  each  of  them  half  aii 
our  after  the  other,  .that  fi>.  the  f'uce  might 
be  of  equal  temper,  and  mounted  his  ?'tece  to 
diefe  four  Degrees  of  Mounturey  viz.  r  d^gr^\ 
deg,  1  d^'  lo  ieg.  and  found  thefe  Randoms. >.\ 

At  I  Deg.  the  Random  was  225 
At  r  ^Cfr  '^^  Ra/idqm  was  4^^Cp^^^^ 
ilr  7  D^i'  ^^^  Random  was  505  '^ 
ii/  10  D^^.  irft^  Randofn  was  630 

^ccDording  to  wjiich  Experimwit,  I 
^hi;;  'jTable  oi  Randoms. 


a93 


.  o 
.1 

2  • 

3 
4 
5 


"Paetfs 
2o5 
225 

274 
323 

370 

416 


6 
7: 

9 
10 


Voces 

548 

1630 


Captain  HEX  AM  in  lus  Book  oi  Gunnery] 
(h^s  how  by  finding  outith^  Random  of  a  Qy^r 
w/?,  for  the.ftrft  V^egree  of  t/^unture^  thereby 
to  find  i^^.^mdom  for  eveiy  2>^f^  to  45  ^l'^^* 
or  utmoft  ^Jihdom^  and  this  i^  his  Ride  to  per- 
form it.  Vii&,  fij)d  how  many  ^aces  the  C^-i 
p^7  will  fhoot  being  laid  level  by  the  M^tal^ 
(whidi  by  him  is,  accounted  i  dLeg.}  Then  di- 
vide the  Diftance  &und  br  $0,  then  multiply 
khe  Quotient  by  1 1,  fo  ihall  the  BroduS  be  the 
greateft  Digre^onj  or  Difference  betwixt  Ranges 
and  Raiges  ^  which  being  divided  by  44,  the 
^otient  giveth  the  Number  of  Paces^  whidi 
the  ^i^ilrr  will  /o/e  in  the  other  Ratfges^  from 

V  3  ,  Degref 


\ 


I « 
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Ij^ee  unto  "Degnes  aocording 
thu  Table  is  calcttlated. 


Rule« 


II 


i^*- 


Ttfiifc  if  ^Mldms  to  4?  Degrtesy  accwnt- 
ing  a  face  2  4  ^oot. 


a  MiMf  J  i^''^^'* 


• 


o 
I 

2 
? 

4 

7 
8 

9 

10 

II 

12 

14 

1% 
i6 

17 
i8 

20 
21 

2S 


0775 
1 000 

1220 

14?  y 
154s 

1850 

20S0 

224J 

2435 
2620 

2800 

2975 

3510 

3470 
3625 

5775 
3920 

4060 

4595 
4325 
4450 


biff. 


225 

220 
215 
210 
205 
200 

190 
185 

1 8a 

I/O 

14c 
130 

.120 


4-57^]  n^ 


24 
25 
26 


27 

2d 

29 

30 

.  31 

^2 

33 
34 

35 
36 

37 
38 

39 
40 

41 
42 

43 

44 

I  45 


P^ta. 


,4685; 

4795 
4900 

^000 

5095 
5185 

5270 
5350 
5425 

5595 
\  55^0  , 
1  5«2o 

5^75* 
5725 

5770 
5810 

5845 

5875 
5900 

I  592<5 

5935 

5945 

5950 


Diff. 

,   ■   t 

110 

105 

100 


>*i«««»«4W' 


t^t^^^tm 


9'i 
90 

85 
80 

75 

7Q 
<55 

60 

51 

50 

45 

f' 
55 

3P 
25 

20 

15 

lo 

t 
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1  iiave  ha^unto  aUb  annexed  the  T^/^  cal- 
culated by  Alexander   Bianco^  for  all  forts  of 
firdnan^e^  (whidlTtf^/<^  lacooimtone  of  the  beft 
that  was  ever  yet  found  Extant )  In  his  Work 
Printed  1648. 
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A  Tdble  cf  Rmiom^fcr  thejiff  Six  Foints 
;  of  tbi  Gunner* s  ^adrant. 


^* 


PoinU. 


t 


falconet* 

Mimn^ 

Dem-cither. 

Demhcmnmn. 
CoMdn  of  7. 
Doxhk  C^UMon. 


375 


■*ai  I 


5yo  9?T 


450 

<57? 
I750 


^37 


!■«     * 


»M^ 


If       <5 


7<fV 
1062, 

1292 

I27f 

1063 

"471 
«7? 


795;  88j 
116^22^1309 
9^4 1026 

1)2(1125 

>?37«^n 
179017 

1327 14^5 
143 1 1489 
1590171011785 


10 1 


892  900 

1320 

107H080 

1487 1 500 

1725 1740 


785 

1487 

I  $06 


1800 
1500 
1620 
t8oo 


•Mk 


SECT.    IV. 

•  •  • 

Of  Sbfiftiitg  i»  Stbmrs. 

A  Mortar 'Viece  is  a  fliort  Piece  with  which 
tbey  (hoot  BonJ^s^  Gramfdo^l^s^  Stme- 
-Mii  ftc..  and  their  Wight  is  not  in  a  Streighc 
Line,  but  in  a  Curve  Line  from  on  high,  & 
tint;  at  may  fall  «rbtte  it  (hould  be  Mix^d ; 
This  Mortar  is  jplaoed  in  the  Carria^  in  all  re* 
fye&Sy  as  you  fee  iix  %•  $%.  ia  i^idi  A  figni* 
fies  the  Urriigey  B  die  Mortar ^  C  the  G?iw:/2r 

U  4  the 
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i^tSbot  flics,  and  D  the  flacc  on  which  it 
fells. 

Bombs  are  great  llojhw  Balls  or  Carcaffes  of  Iro^y 
in  whidi  are  put  fine  Sifted  G/wx-Pt?wrffr,  which 
by  a  F/(//?  they  proportion  to  them  a  due  Fire, 
that  fo  thfy  m^y  break  in  iiich  a  determinate 
Time,  or  gt  fuch  a  determinate  Diftance  j  thefe 
tufes  are  fmall  Trunks  of  W^od^  Tin  of  ir<;;^, 
filled  with  a  prepared  Compofition  for  that 
Purpofe.  Granadoes  are  of  the  fame  Fxsirm,  and 
for  the  like  Ufe  with  Bomb^^  only  Cnaller,  and 
many  times  are  thrown  by  Vhe  Hand,  and  are 
made  not  only  pf  kon^  but  of  B^^afsy  Qla/s 
or  Ea^'th      ' 

Now  in  Opder  to  the  riglit  and  true  Shoot* 
ing  in  thofe  kind  of  MacJnnes^  'tis  requifite  to 
let  you  know  that  Authors  have  difi^ed  very 
much  in  their  Opinidhs,  but  now.  they  all  nnar 
nimoufly  agree  that  all  Yroje3lles  are  in  the 
Curve  of  a  f^rdbola^  as  has  been  provd  by  Gal- 
liUus^  TorriceUiMSy  and  of  late  bj  the  logeni- 
ous  Optain  JUaBeyj  in  a  DifcQurfe  of  Gtiofiljf^ 
Publilhed  in  Phi/of.  Tra/ifaa.  Numb;  l^jr  In 
which  Difcourfe  he  Matl^mptically  DemoiK 
ftrates  that  the^otioh^of  all  Vrojehs  is  in  the 
Curve  of  a  Farnbola  5  fwm  the  Properties  of 
which  Curve  thefe  ufefnl  P^pofltiqns  have 
|)een  deduced.  ^  ^ 

firjiyThsLt  ih^  Diftance  o£  Horizontal  R^ 
are  one  to  another,  us  the  Sines  cfthe  Ikmbte 
^les  of  Elevation.    ''•  -  '  i 

Secondfyy  That  the  He^hts  of  Shots  in'  thfe 
Air  are  one  to  another,  as  the  Verfed-Sines  of 
'^hp  pmbh  An^ks  (f  Elevatiofh 
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'     ThirJfy^  That  the  Times  of  Contiiftiahce  dF  a    .  ^  4- 
Shot  in  the  Air  at  different  Elevation^^  are 
one  to  another  as  the  Sines  of  the  Jingles  of 
Elevation. . 

From  thefe  Three  Tropofitions^  all  that  is 
neceflaty  in  the  fr^Sice  of  Gunner j  may  be 
knowj%  . 

As  Firft :  Suppofe  I  make  a  Shot  upon  fome 
given  Elevation^  and  then  meafure  the  Length 
of  xb&Hdrizontal  Range  of  that  Shot  (wliich  is 
only  the  Diftance  between  the  Mouth  of  the 
Viece  and  where  "the  Sholt  falls)  you  may  from 
thence,  hy  one  of  the  preceding  Fropvjaions  tell 
thp  Length  of  the  R4t^es  pf  all  Shots  uypn 
any  other  Elevatiofi,  uiii)g  the  Cime  force  os 
Cf^arge  o(  Potoder.     .    . 

\  But  before  we  proceed  to  the  Propojitions,  far 
$hooting^  it  will  be  n^eflTary  to  give  thC;  fol- 
lowing Rules. 

u  'Thai  before  yoH  make  a  Shoot  at  any  Place^ 

you  -ptd.  the  Di fiances  thereof  from  yo^r  Mortar, 

which  ntay  be  obtain  d  by  Prop.  3.^.  4.  .Chap,  9. 

'  2.  That  the  Bombs,  or  other  Bodies  that  arc 

'  /^  be^J^<^_  be  of  equal  Weigbtj  otherwiff  the 

Shots  iviU  vary. 

3 .  That  the  Carriage  m  Breadth  be  alv^a^s  on 
a  i/evet^  and  without  aty  Vefcenty  that  fo  it 
may  not  leaf  in  t)ifchnrging.    * 

4;  That  ihe^fawitT  txiith  nhicb  thels/Lortsx 

ULioddid^  be  always  df the  fame  force  and  Weight. 

.     5.  That  thf  Charge  cf  the  Mortar,  M weU  in 

Powder  as  in  Waddiii^,  be  always  Rampied  in 

tppitb  Blqafs  equally  Heavy ^  ^and  ofe^ua/  Number. 

6.  That  the  Wzis^be  always  etther  of  V^fxyi 
or  Tairipeons,  im  elfe  tfOakaxBp  for  tie  ftrong- 
eft  drives  itfartbejt.  7.  That 
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§  4.  7*  H^  the  Fufes  h€  newfy  mde^  that  /x,  in 
thofe  Days  they  are  to  he  ufed^  and  thit  they 
be  made  of  a  Compijfit'ton  prt^artianMe  to  the 
Range  that  the  Shot  voiU  make  tn  the  Air,  fo  that 
the  Bomb  may  break  in  the  very  Mment  tf  its 
f'aUx  which  Compofitm  m/^^  be  fttch^  that  tbo^ 
it  fdU  in  the  Water  yet  not  to  Extinguijh^  but 
the  Bomb  there  to  break.  And  therefoxe^  be- 
fore vre  proceed  any  fardier)  'twill  be  neccP 
fary  to  Inew  bow  to  Compoie  the  Ingredients 
iot  yottr  Fiffe. 

P  R  O  P.    L 
To  make  Fjifes  for  Bombsy  to. 

The  €ompolition  for  Bombs  niuft  be  of  a 
flow  Motion,  that  fo  time  enou^  may  be  given 
to  throw  either  Bombsy  Granadoes^  Fire-baBs^ 
TtbMndring'Barre/s^  fcc.  They  are  Compounded 
of  thefe  Ingredients,  thns :  Take  a  Pound  of 
Gun-Powder^  rs  of  Sulphur^  ri  df  Sa/t-Peter^ 
Well  beaten,  dry,  and  lifted  ftparately,  tlien 
mix  it  and  make  up  your  Fw  thereof:  Or 
take  Powdei*  of  Benjamin-  and  SmaB-Coai^  dSl 
well  beaten  and  mixed  together  with  (bmc  Oy/ 
tf  Peur^  and  fo  fill  your  tiife  therewith. 

PRO  P.    IL 

Suppofe  a  Shot  xoith.a  Mortar  upon  rj  iXjjnrrx . 
m^  Elevation  throws  a  Bomb  30  Tar4sy  Hop 
.    far  mU  it  throw  it  upon  j  5  De£*  of  Elevation? 

To  Sine  offo  deg.'Double  Attgk  Eletf.  9.975986 
So  h  30  Tards  theftft  Range  1,477121 

H45ito7 
To  57  tards  thef^^il^e  I7jf2i37 

m  So 
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So  that  irpoa  99  Deg.  cf  1Sl&oation  the  (ame    ^  4. 
lAcrtar  with  die  {;kttii^  Qiarge  will  throw  ill    , 
Bomb  77  Yards.    And  after  this  Mray  are  the 
Di/iMce^  or  Rtf at^j  upon  all  Elevations  found. 

Again :  ili^v//  a  Shot,  voith  a  Mortar  upon  i6 
ieg.  Elevation  Jenis  jBomb  420  Taris^  What  is 
the  gfedtefi  Diftanee  fach  ix  Mortar  vsii  tbrtn»  4 
Bomb.  ^ 

SrO*  Note^  The  grcatoft  Diftaoce  a  Mortar 

,can  throw  a  Bon^,  is,  when  the  Mortar  is  E- 

levated  to  ^y  deg.  for  th^  5/;rr  of  double  45 

^^^^  which  IS  90*  is  the  greateft  of  all  S/;/^^. 

Say,  As  Sine  £f  40  ^if/.  9.80806^ 

Tv  Sine  (f  90  4^.  laoooooQ 

•.    So  is  420  Taris  thejSrH  katijge         2.673 24^ 

X(?  6$2  Taris  the feeoni  Rvnge        g.81418^ 

So  the  gresiiteft  Space  fecfa  a  Mortar  can 
tiirow  a  &t£y  is  6^2  Tard&.  ^ 

P  R  O  P.    III. 

Sitppo/e  I  hada  mini  to  let  fall  a  Bomb  400 
Tards  iifiant  ^from  me^  what  Elevation  is  re- 
guifite  thereto^  from  a  Mortar  tohofe  great  eft 
RMge  is  700  Tards. 

.This  frtfpqIitsHi  is  theConrerfi  ofithe  for- 
mer, and  therefore  you  mufl:  lay. 

At  700  Taris  2^5098 

To  40Q  Tards  \  2.60  2cip 

^v  ^  is  Sine  of  90  J/eg.  10.000000 

To  the  Sine  tf  34  deg.  5 1  nun.         9-1^6^ 


'•9^' 
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.§  4*  The  fame  may  l>efound  from  apy  otfier  BJmge 
as  well  as  the  greateft,  if  the  J^k  cf  Elevation 
were  given* 

Froni  thefc  Vrcpo^tions  is  the  Tahk  (fBjtngcs 
|i2ade« 

^       P  R  O  P.    IV. 

Suppofe  the  greateji  Range  qfaShat  be  600  Tards^ 
'tH  7^equir^  tojuid  haw  high  Juch  a  Piece  wiU 
'   threw  a  Ball  upon  40  deg.  of  Elevation. 

.  '  80*  Kote :  The  greateft  Height  that  a  BaU 
will  afcend  to  when  {hot  Peri)cndicular  upright, 
hh  the  greateft  Range. 

Szy  therefore :  As  the  VerfedSine  qfl^Q  deg. 
^viz.  twice  the  Rad^)  is  to  the  Verfed  Sine  of 
80  deg.  (viz.  twice  40  deg.)  So  is  i  the  greateji 
^^ej  to  the  Altitude  required. 
,  Multiply  tjje^efore  the  Verfed  Sine  of  80  deg. 
which  is  8263  by  300  Tards^  whjch  is  hjilf  f fie 
greateft  Rangey  and  dividing  the  ProduS  by 
20000 the  Verfed^Sine  of  180,  die  ^uote  is  124 
Jardf^  the  Perpendjiculax  Height.  \See  tjie  foWonf* 
jflg  Operatioiv 

•     8  2  6  3         _ .  • . 

2  I  MOO  J  ^47  I  iB^bo  (  t24  P>v^. 

^  . ,  ,  •        ■  ■    ■    -■  ,.    . 

And  i(v  on  the  Contrary  :  tj^the  gredteft  Ho- 
rizontal Range  vqos  gvoen^  aniilpe  Perpendicular 
Height  cf  any  Shot  kmwn^  to  fni  the  Anglt  cf 
.Elevation         .     -  * '.  •       ; '    .    '    ' 

Say ;  As  300  Yards  half  the  ^eateftR/w^f^^to 
the  Ver/ed  &ne  of  180,  deg.  viz.  20000  y  fots 
the  given  Perfendicular  Height  xif  ^'fhot  s  Sa^ 

m 
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pole  124  Tarh  to  8^6?  the  Verfel  She  of  80     ^4^ 
dig.  half  of  which  is  40  deg.  t£e  At^/c  of  Ele- 
vation required. 

PROP-    V. 

Suppofe  a  Shot  made  upon  45  deg.  of  Elevation^ 
and  by  a  Watch  with  a  Handtojhovo  Secdnds^  \ 
frid  it^  tontinues  1 2  Seconds  in  the  Air^  'tis 
reqfiird  to  know  how  long  it  will  continue  in 
the.  Air  fx3?enfhot  at  y$  deg.  of  Elevation. 

Say,  As  Sinp  of  4$  deg.  9.84948  g 

Is  to  12  Seconds  i.079i8r 

So  is  Sine  of  7^  d^  9.984944 

To  16  Seconds  ^2I464q 

^  By  this  KuUFu/ees  are  adjufted  as  to  tfaeic 
time  of  Burning. 

The  Contrary  of  this  Vropqfition  is  alfo  ma- 
llifeft,  inz.  That  if  upon  54  deg.  a  Shot  conti- 
nues in  the  Air  14  Seconds^  how  many  Degrees 
p^u  the  Viece  Elevated  to  when  the  Shot  conti- 
nued 16  Seconds  in  the  Airf 

Say^  As  14  Seconds  1.14^94^ 

To  16  Seconds  1.204120 

So  is  Sine  54  deg.  9.907958 

11.11207? 
To  th6  Sine  of  67**  j$/  9-96^130 

vAich6r  35'  is  the  A/^le  thePiece  muft  be  f^ 
to  for  the  Aifi  to  continue  16  Seconds  inthcilir. 
Further  I  might  have  gone  in  Ihewing  from 
fcme  Datds  to  find  the  Powder  requijite^  Length  ■ 
of  the  Chafe ^  Diameter  of  tiie  BaU.  &c.  But 
thefe  being  not  fi>  abiblutdy  neceflary  to  be 

acquired 


\ 
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^^     required  in  t\m  Cafe  I  omit  them,  and  WiU 
^  couclude  with  a  uleful  TabU  by  which  may 
be  found  the  Horizontal  Random  of  aiijr  Shot       ^^ 
from  fome  giveii  Elevation  i  as  alfb  from  a    '^^ 
given  Elevation  to  caft  a  Shot  to  auy  Place  at 
Demand^  provided  it  be  within  the  reach  of 
the  ?iece^  and  that  without  the  Help  of  Lbf tf- 
rithms.  . 

TheVfe  of  the  foU&vowg  Table  is  thm:  The 
left  Column  is  the  Degr€es  cf  Elevation^  arid  the 
Top  are  the  Minutes,  being  to  every  6  JHU^ 
nutes^  b^inning  with  6,  1 2,  f  8  j^  iSfe. 

Suppoff  a  Piece  E/evaied  13^  i^\  k^s  4  Ball 
I  §37  P^es^  ^hat  is  h/s  great  eft  Random  ? 
.  '  In  the  Tab/e  you  will  find  againft  13  deg. 
tiid  under  18  min.  896.  Say  therefore^  As 
896  to  2oco^  So  PS  iZ^j  P0ces  to  4100^  the 
greateft  Random  of  fuch  Pieces 
'  If  the  B/evation  had  been  y^**  42',  which  is 
as  much  above  45;  deg.  as  19^  i&'  is  under> 
the  fame  wtjuld  have  come  out. 

The  contrary  of  this  is  al(6  evident  *,  fer^ 
If  the  greateft  Horizontal  Range  be  ^looPaces^ 
u>ba$^  mufi  be  the  Elevation  e§  the  "Bieca  to  throto 
a  BaU  iS^j  Paces  ? 

Say,  4^  4100  to  2000  i  ^1^^1837  ^^  8965 
againft  which  in  die  following  Table  you 
have  in  the  left  hand  Column  13  deg.  and 
in  the  Head  of  the  Table  ovw  the  Number 
you  have  i&  Minutes^  which  is  the  Elevation  oi 
the  Piece  to  lay  a,  $^5  at  1837  Pi^^s  diflanoa 
Or  if  you  tool?  in  |h^  Right-Hand  Column, 
^t  tl>e  Bottom  of  the  TirA/tf  you  will  find 
7^**  42',  the  Eilevafim  over  4$  Jeg*  to  throw  a 
BaU  the  a^«i«id  Dift0ice.    . 

A  TA- 


Ekv. 

O 
I 

Z 

; 

5 

7 
8 

9 

10 

II 

12 

ii 

;j 

17 
i8 

12. 

20 
21 
»1 

»J 

H. 

*7 

23 

?« 

?7 
?8 

40 

4« 
4* 
41 


Rojeai. 


68 1 

5r8 

-^ 

i7n 

7<S6 
798 

8f4 
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More  Examples  mi^ht  be  given,  but  diefe  §4, 
are  liifficient  tor  YraUice :  what  I  have  elfe  to 
fay,  is.  That  the  Refiftance  of  Air  is  fome  Im- 
pecUment  in  Nice-Jhooting  (for  by  the  Refi-. 
ftance  of  ihsA-Medium  all  Projedts  are  diverted 
from  flying  in  a  true  T? areola)  and  conle- 
quently  that  the  ^eateft  Random  is  not  made 
Upon  43;  Degrees  ^  Elevation^  but  at  ibme  few 
Minutes  under,  and  fo  will  caufe  fome  fmall 
DifFerencel  in  the  Di fiances. 

But  coniidering  that  in  ordinary  and  com- 
mon Pradlice  ( efpecially  in  Service  )  that 
with  the  common  Inftruments  we  can  fcarce 
come  to  the  Certainty  of  a  Degree  or*  two,  the 
foregoing  Tj^/(?  will  be  near  enough,  and  ferve 
very  well  for  ordinary  Pradlice,  although  the 
Allowance  for  the  Air\  Refifbnce  be  not  there- 
in Confidered. 

Vwe^  vale :  Ji  quid  navifii  re  Sim  ijiis^ 
Candidas  imperti :  Ji  non  his  utere  mectm. 
■   -  Horat.  lib;  i  Efifl. 
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The  Defcriftion  and  Ufe  of  the  Gx  o  b  e  $• 

l^lOtwithftanding  A^ranonucd  Dejmitlont 
1^1  h<sv#»  9W«i4v  bem  siineR  before.  I  muft 


upon  the  Defcription  and  Vfe  of  the 
G  LO  B  E  S3  re-iterate  foine  of  them  here  again, 

as  foUoweth.  ^  ^  ^         1  «  ,. . 

A  5pfe(?rr  or  Gfo^^,  is  a  perfeft  round  S(7M 
contained  under  one  Surface^  in  the  midft  of 
which  is  a  Point  called  the  Center,  from  whence 
all  Lines  drawn  to  the  outfide  are  equal. 

In 
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In  this  Form  the  Heavens  and  Earth  are 
prov'd  nearly  to  be,  and  therefore  Ajironomers 
nave  contrived  Two  Artificial  Globes^  one  to 
reprefent  ifae  Heavens^  oh  which  is  depi&ed  the 
Priiicipal  jRzt  Stars  in  fuch  Proportion  and 
Diliance  as  they  are  fcKind  to  have  in  the  Hea- 
vens ^  on  the  other  is  'delcribed  the  Earth  and 
Water  in  all  their  Parts,  and  according  to  their 
true  Situation,  Form  and  Diftance,  as  found 
by  the  late  Difcoveries  of  our  Modern  Nawgar 
tors^  io  that  in  reference  to  our  prefent  Bufr 
nefs  a  Sphere  or  Qlobe  is  only  an  Artificial  Re* 
femblance  o(  Heaven  and  Earth. 

The  Line  the  Globe  turns  abdnt  on  is  termed 
the  Axis  of  the  Worlds .  the  Extremities  of  it 
are  the  Voles  of  the  Worlds  one  of  which  is  the 
North  Volej  the  other  the  South  Vole.  It  is  re- 
prelented  in  the  Artificial  Globe  by  the  two 
Wires  the  Globe  turns  upcm  in  the  Meridian. 

Of  the  Circles  of  the  Sphere* 

Circles  of  the  Sphere  are  Lines  imagined  fp 
be  drawn  in  the  Cavity  of  the  Heavens :  Their 
XJ&  is  to  determine  leveral  Propoiitioiis  in  4* 
fironowtjfy  Geep'afby  and  Naoigtaton. 
.  Thefe  Orcles  ftrc  Greater  c6r  Lijfer  i  Greater 
are  &cfa  as  cut  the  Globe  into  two  equal  Parti, 
Lejjer  ait  ths  GUbe  une^ally* 

Every  Circle ^  whether  Great  or  Small,  is  con- 
ceived to  be  ditided  iiito  360  equal  Parts  caH^- 
ed  Degrees^  and  every  Degree  they  again  di- 
vide into  66  Minutes^  and  every  Minute  into 
60  Seconds^  8cc.  &  thsLt  one  Degree  is  the  ^ 
of  a  Circley  and  one  Minute  is  th«  gi  or  a 
Dfgree.  X  1  Cf 
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Of  the  Great  Circles. 

The  Principal  Grdat  Circles  are  the  HorizoTfj 
the  Meridian^  the  EquinoQial  or  E^uator^  the 
Zodiack  or  Ecliptick^  and  the  two  Colures. 

The  Uorizon  divides  the  Vifible  Part  of  Hea^ 
vens  from  the  Invifible,  and  when  at  5(f^,  or  on 
Plain  Ground,  is  the  Circle  that  feeinnigl;)r  parts 
Heaven  and  Earth  •,  this  Circle  limits  the 
■iLength  of  the  Artificial  Day,  for  when  the  Sun 
is  above  this  Cirde  'tis  then  D^,  when  under 
^tis  Kight'  It  bounds  the  Riling  and  Setring  of 
the  Sun^  Moomnd  Stars,  and  fhews  the  Point 
:bf  the  Compafs  they  Rife  or  Set  at.  Tis  ar- 
tificially reprefented  by  the  broad  Wooden  Gr- 
^cle  in  which  the  Brafs  Meridian  and  the  BM 
turns  5  Upon  this  Circle  is  tl  Calendar ,  {hewing 
ithe  Place  of  the  Sun  by  having  the  E^y  of  tlw 
Monthj  according  to  either  Account  5  as  alfb 
next  the  outer  Edge  is  let  the  Winds  or  'Points 

of  die  Com^afs^      - 

The  Meridian  pafleth  through  the  Zenith  and 
Nadir,  and  both  ?oles  of  Ae  World^  and  tuts 
the  Uorizon  2t  Right  Angles^  and  ftiows,the 
North  and  ScHith  Points  thereof.  It  dividestHe 
Vifible  Part  of  the  Ueavens  into  two  equal 
WsLtts^  one  of  wJrich  is  the  Eaftern,  the  other 
.the  Weftern  Hettiifphere  ^  it  alfo  determines 
the  Noon  and  Midnight  of  all  Places,  for  whAi 
the  Sun  is  upan  this  0>r/if  in  tte  Day-time  it  is 
•  Noon,  when  upoii  it  in  the  Nighf ,   'tis  Mfd- 

-night.  -      • 

.    it  is  reprefentcd  on  the  Artificial  Globe  by 

^he  Great  Brais  Hoop  the  BM  hangs  in>  »id  is 
divided  into  .360  D^ffr^^j-. 
'\j  ^      '  .      .The 
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The  EquinoSial  or  Equator^  is  equally  di- 
flant  from  botii  ?oles  of  the  World  ^  It  divides-. 
the  Globe  into  two  Hemifpheres^  that  next  the 
North  Pok  is  the  Northirn  Hemifphere\  the  o-- 
ther  next  the  South  is  the  Southern  Hemifpherey 
All  Places  lying  uiider  this  Circle  have  their 
Day  and  Night  alwap  equal  •,  for  in  all  Por- 
tions of  the  Globe^  X&isQrcle  is  half  above  and 
h^lf  under  the  Horizon.  Whtri  the  SUn  comes 
to  this  Circle,  which  is  twice  a  Year,  he  makes 
the  Day  and  Night  equal  to  all  the  Inhabitants^ 
of  the  Earth  j  'tis  upon  this  Circle  we  number, 
the  Right  and  Oblique  Kfcenfion  of  the  Sun  and 
Stars^  this  Gr^/f  is  delineated  or  depidled  on  the 
B^fl  of  an  Artificial  Globe ^  and  is  adlually  di- 
vided into  360  equal  Parts. 
.  The  Zciiack  is  one  of  the  grcateft  Circles 
of  the .  Sphere,  becaufe  by  Aftronomers  it  has 
allowed  i§  Degrees  of  Breadth,  which  Breadth 
is  limited  by , the  wandring  of  the  Planets-^ 
upon  it  is  placed  the  1 2  Signs  j  In  the  middle 
OT  the  Zocuack  runs  the  Ecliptick  Line,  fb  na- 
med from  the  Greek  Word  Eclicpo^  which  figr 
nifies  to  &il  or  want  •,  'tis  under  this  Line  the 
Sun  and  Moon  fiiffer  their  Eclipfes,  this  Circle 
cuts  the  EquinoSial  obliquely,  and  is  called  Via 
SoliSj  becaufe  the  Sun  defcribes  it  by  his  Year- 
ly Motion. 

This  QrrZ?  is  defcribed  on  the  Artificial  Gldbe- 
with  the  Pourtraitureoi  xh!t\2 Signs^  and  is  di- 
vided into  360  equal  Parts,  as  was  the  Equator. 

The  Colures  are  Two  great  Circles  of  the 
Sphere,  being  drawn  through  both  Poles  of  the 
Worlij  in  which  Points  they  cut  one  another, 
and  alfo  the  Equator^  at  ^ht  Ajngles.    One  of 

X  3  thefe 


310         The  Defer tption  and  Ufe 

theft  IS  named  tte  Soljlidal  Qolure  from  its 
palling  through  the  firft  Points  of  Cancer  and 
Capricorn^  in  which  Points  the  Sun  ieems  to 
Hand  ftill,  the  other  is  called  the  Vernd  Colure^ 
from  its  paffing  througli  the  firft  Points  of  Aries 
^ni  Li  bra.  They  determine  the  Four  Seafbns  of 
the  Year,  for  when  the  Sun  pafles  over  the 
So/ft icial  Colure  he  (hews  the  Beginning  of  Sum^ 
mer  and  Winter  Quarters,  the  firft  when  he  is . 
in  his  greateft  Jiorth  T^eclinaiion^  the  latter 
when  he  is  in  his  greateft  South  Declination. 
When  he  pafles  the  Vernal  Cdure  he  Ihews  the 
B^inning  of  Spring  and  Autumn  Quarters,  the 
Ibrmer  beginmng  when  he  pafles  over  it  in  his 
Afcenfion^  the  latter  when  ne  pafles  over  it  in 
his  Defcenfion. 

Thefe  Two  Circles  are  delcribed  on  an  Ar- 
tificial Globe ^  and  actually  divided  into  360 
equal  Parts  or  Degrees. 

Of  the  LefTer  Circles. 

The  Lejfer  Circles  are  the  Two  Tropicks  and 
TwoPolars.        ^  ' 

The  Tropicks  are  diftant  on  each  Side  the 

Equinodial  or   Equator    2?^i^   That  on  the 

Uorth  Side  is  called  the  Tropick  of  Cancer^  the 

other  on  the  South  Side  is  nanfied  the  Tropick 

^hefe  are  of  Caprjcom  5   thefe  Circles  limit  the  Torrid 

deiineatei  Zone :  they  alfo  bound  the  Sun's  Courfe,  he 

fiMGhbc  ^^v^  fwerving  fo  far  North  or  South,  as  to  go 

*)r  rf  red  or  beyond  eith^  of  them*, 

gilded  The  Polars  are  as  far  diftant  from  the  Tales 

^'"^'        of  the  World  as  the  Tropicks  are  from  the 

^^ftaior^  that  at  the  Nortn  is  termed  the  Ar^^ 

&ick  Orclfy  that  next  the  ^th  the  Am^Sick. 

They 
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Th^  bound  the  Yrigti  Zones^  and  fhcw  us 
what  Places  have  their  Artificial  Day  longer 
than  24  Hours.  Thefe  Circles  are  alfo  adtually 
defcribed  on  an  Artificial  Globe  by  fuch  Lines 
as  were  the  Troficks* 

Befides  the  Circles  before  mentioned,  there 
are  fbme  other  both  of  the  greater  and  lefTer 
Ibrt,  whicli  are  very  neceffgry  for  Solving  A- 
Rronomcal  and  Geographical  Problems j  and  are 
9s  fblloweth. 

Hour  Grcles  or  Meridians^  are  great  Circles 
meeting  in  the  Foles  of  the  World.  They  are  on 
the  ArtificialTerreft  rial  Globe  drawn  thro'  every 
1 5  deg.  of  the  Equator^  and  at  Bjght  Angles  thereto. 

Azimuths  or  Vertical  Grcles^  are  great  C/>* 
cles  all  meeting  in  the  Zenith  and  Nadir^  and 
cut  the  Horizon  at  Right  Angles.  Thefe  are 
never  defcribed  on  an  Artificial  Globe^  becaufe 
the  Quadrant  of  Altitude  fupplies  their  Place. 

Orcles  of  Longitude^  or  Pofition^  are  great 
Orcles  meeting  in  the  Poles  of  the  Ecliptick^ 
and  therefore  cut  it  at  Right  Angles.  Thsy  are 
drawn  on  the  Artificial  Gelefiial  Globe  through 
every  30  Degrees  of  the  Ecliptick. 

Grcles  ( or  as  commonly  called  Parallels )  of 
Declination^  are  finall  Grcles  parallel  to  the 
Equator  on  both  Sides  thereof  and  on  the  Ter^ 
reflrial  Globe  are  drawn  through  every  lo"*  of 
die  Meridian^  gradually  diminifhing  till  they 
end  in  the  Pole. 

Almicanthars^  or  Grcles  of  Altitude^  are  finall 
Imaginary  Grcles  parallel  to  the  Horizon^  but 
are  never  defcribed  on  an  Artificial  Globe ^  the 
Quadrant  of  Altitude  fhewing  die  Points  thro' 
vvhicb  they  muft  pafs. 

X4  They 
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VaraMs  of  Latitude  zee  finall  Circles  ima- 
gined to  be  drawn  parallel  to  the  Eclipticky 
and  are  fometimes  delineated  on  an  Artificial 
Caleftial  Globe. 

Rhomb  Uries  are  neither  Circles  nor  Straight 
Unes^  hut. Spiraly  imagined  to  proceed  from 
the  Place  where  we  ftand,  and  wind  about  the 
Globe  till  they  lofe  themfelves  in  the  Po/e. 
They  are  draw:n  on  an  Artificial  Terreftrial 
Globe ^  Irom  the  Four  Points  where  the  Colures 
cat  the  Equator.^  and  their  Ufe  is  to  Ihew  the 
i>earing  or  Places  one  from  another. 

Of  the  Appendants  to  an  Artificial  Globe. 

To  a  Globe  .^  (befides  the  forementioned  OV- 
cles )  belongs  a  fmall  Brafs  Ctrck  called  the 
Hour  Circle^  whole  Center  is  the  Pole  of  the 
Globe  i  'tis  divided  into  24  equal  Parts,  re- 
prefenting  the  Hours  in  a  Natural  Day.  This 
Grck  is  fixed  in  a  Grove  on  the  Brafs  Meri- 
dian 'y  on  the  Pole  is  put  a  fmall  Bit  called  the 
.  Indexy  which,  as  the  Globe  turns  about,  points 
to  the  Divifions  on  the  Circle :  Their  JJfe  is  to 
Ihew  the  Time  of  the  Sun^  Moon.,  or  a  Star^^ 
Rifing  and  Setting,  and  what  a  Clock  'tis  in 
any  Part  of  the  World. 

There  is  alfo  another  Appendant  called  the 
Quadrant  of  Altitude  ^  'tis  a  thin  Brafr  Plate 
divided  into  90  equal  Parts  or  Degrees,  to  one 
End  is  fitted  a  Nut  and  a  Slgrew  for  it  to  move, 
and  then  to  be  fixt  to  any  Degree  upon  the  Bra/s 
Meridian.  Its  Ufe  is  to  limit  Azimuths  and  Almi^ 
canthars^  and  to  mesSmeDiliances  and  Altitudes. 

Moreover  to  fome  Globes  belong  a  fmall 
Compafs  Bo^  and  Needle  for  the  letting  the 
^      ■•  '^  Globe 


> 
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Gbhe  due  North  or  South,  alfo  half  a  Brafs 
Circle  called  the  Semicircle  of  Vofition  j  but  in 
regard  none  of  the  following  froblems  require 
them,  they  being  but  for  £ome  particular  Ufts, 
we  Ihall  omit  a  further  Defcription  of  them. 

Aftronomical ^  Terms  Explained. 

Declination  is  the  Diflance  of  the  Sun^  Moon 
or  Stars  from  the  Equinoffial^  if  they  be  on  the 
North  Side  they  have  North  Declination^  if  on 
the  South  Side,  South  Declination. 

Right  Afcenjion  is  an  Arch  of  the  EquinoSial 
contained  betwixt  the  Beginning  of  Aries^  and 
that  Point  of  the  EquinoSial  which  comes  to 
thp  Meridian  with  the  Sun^  Moon  or  Star. 

Oblique  Afcenjion  is  an  Arch  of  the  Equina^ 
Qial  comprehended  betwixt  the  Beginning  of 
Arj^s  and  that  Point  of  the  Equinoffial  which 
arifes  with  the  Sun,  Moon  or  Star. 

Oblique  Defcenjian  is  an  Arch  of  the  Equino- 
Sial lying  betwixt  the  Beginning  of  Aries  and 
that  Point  of  the  EquinoSial  wliich  fets  with  the    / 
Sun^  Moon  or  Star. 

Afcenfional  Difference  is  the  Difference  be- 
twixt the  night  and  Oblique  Afcenfion  which,  if 
converted  into  Time,  gives  the  Hour  and  Mi^ 
nutes  of  the  Sun's  Riling  and  Setting  before  or 
after4ix« 

Amplitude  is  an  Arch  of  the  Horizon  betwixt 
the  true  Eaft  or  Weft  Point,  and  that  Point  a- 
gainft  which  the  Sun^  Moon  or  Star  rifes,  and 
is  named  according  as  it  is,  viz.  either  Am^^ 
plituie  of  Riiing  or  Setting. 

Azimuth  is  the  fame  with  Amplitude,  but  on- 
ly 'tis  reckon'd  when  the  flanets  or  Stars  are 
gboye  tlie  Horizon.  Alti^ 
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Altitude  is  the  Heighf  of  the  Suriy  Moon  or 
Stars  above  the  Horizon. 

Longitude  of  a  Star  or  Vianet^  is  an  ilrrft  of 
the  Ecliptick  contairfd  between  the  Beginning 
of  Aries  and  the  Point  where  any  Star  ot  Fla- 
tlet is  i  or  elfe  'tis  the  Place  where  a  Circle 
.  (that  paiTeth  thro*  the  Star  and  foles  of  the 
Ecliptick)  cuts  it. 

Latitude  of  a  5;^^  or  Vianet^  is  the  Diftance 
of  it  from  the  Ecliptick. 

Longitude  of  a  Place,  is  the  Diftance  in  Der 
grees  and  Minutes  of  the  Equator  from  the  4/" 
Tijf  irV  or  fixt  Meridian. 

Latitude  of  a  Place  is  its  Diftance  from  the 
Equator^  or  'tis  an  Arch  of  the  Meridian  con- 
tained betwixt  the  Elevated  Yole  and  Horizon 
of  the  Place. 

The  Ze'/r/zft  is  the  Point  direftly  over  our 
Heads  where-ever  we  be. 

The  'Nadir  is  oppofite  to  the  Zenith^  ^nd 
therefore  the  Point  direftly  under  our  Feet, 

Ojthe  Superficies  of  the  Coeleftial  Globe, 

On  the  Surface  of  this  Globe  is  depided  in 
Proportion  and  Diftance  moft  of  the  Principal 
Fixt  Stars^  in  that  Order  and  Polition  as  they 
appear  in  the  Heavens  •,  and  tho'  the  Number 
of  them  feems  Infinite,  yet  the  greater  are  not 
only  numbred  but  have  Names  to  diftinguilh 
them.  The  Number  at  prefent  taken  notice 
of  are  about  1400,  theBiggeft  andBrighteft 
of  them  are  called  Stars  of  the  firfi  MagnitudCy 
the  next  to  them  Stars  of  the  Second  M/^ni- 
tude^  and  fo  gradually  decreafing  to  the  Sixth 
Magnitude^  wiich  are  the  kaft  that  are  pidur'd 
on  the  Globe.  Novf 
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Now  Ajironomers  are  defirous  to  bring  thefe 
Bodies  into  luch  Order  whereby  they  might 
the  more  readier  be  known  and  found,  having 
divided  them  into  certain  Forms  and  Shapes  of 
IVUn^  Beaftsy  Biris^  and  other  Creatures  call- 
ed ConfieUations,  by  which  Method  of  Divifion 
they  know  where  to  feek  them  in  the  NatKral 
Sphere^  and  being  found,  how  to  express  them 
on  the  Globe  or  Hemi/pbere.  The  Number  of 
CtmjieUations  depided  on  the  Globe  are  62^  of 
which  23  are  on  the  North  Side  of  the  Ectip- 
tick^  12  upon  it,  and  27  on  the  South  Side^ 
in  all  which  ConjieUations  the  Stars  are  exprefs'd 
jiccording  to  their  feveral  Magnitudes. 

Afironowkal  Prohltmsfoh/J  hy  the  Globe. 

PROB.  I.  Iday  of  the  Month  Cfuppofe  April  i.) 
groen^  to  find  the  Vlace  of  the  Sun. 

Find  the  Day  of  the  Month  on  the  Horizon^ 
according  to  tne  Old  or  JVw  •  Account,  then 
right  againft  the  fame  you  have  (^Jiries  22'') 
the  Sine  and  Degree  the  Sun  is  in. 

VKOB.  2.  TBe  »m'sFlace'(fuPpo/e  ij^aj 
given^  to  find  the  Day  of  the  Month. 
Seek  for  his  Place  on  the  Horizon^  againft 
which  you  have  (Jan.  24.J  the  Day  of  the 
Month,  according  to  the  Old  or  Neu>  Account. 

pROB.  3.  To  reSifkthe  GhU  fit  far  Ufe  in 
any  particular  Latitude  j  (fuppofe  London, 
vmch  is  %V  %o\ 
G)unt  from  the  AV/&  Vole  downwards  on 

the  hrafs  Mi^ridian  j  1°  i,  and  bring  that  Point   . 

to  the  Horizon^  the  ^adrant  of  AJtitude  muft 

|)e  fcrew'd  to  the  Zenith,  which  is  found  by 

telling 
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telling  the  Complemm^  which  is  38°  i,  from 
the  Elevated  ?ole  to  the  Top  of  the  Globe^  the 
Place  of  the  Sun  muft  be  brought  under  the 
graduated  Edge  of  the  Brafs  Meridian^  and 
then  the  Index  muft  be  fet  to  point  at  1 2  on  the 
Hour  Wheel. 

PROB.  4.  Latitude  of.  the  Place  ('ii'' i)  ani 
Place  cfthe  Sun  {^  23°)  given  ^^ 

{.Declination^ 
To  find  hi$  <Right  Afcenfion^ 

I  Height  at  Noon. 

Firff^  Reaifie  the  Globe  by  the  foregoing 
Problem^  then  find  out  tlie  Place  of  the  Sun 
on  the  BaU^  which  Point  bring  under  the  gra- 
duated Edge  of  the  Brafs  Meridian  and  there 
fix  it.  This  done  count  on  the  Brds  Meridian 
the  Degrees  betwixt  his  Place  and  the  Eqmno* 
Qial^  it  gives  8  J  Deg.  his  South  Declination. 

SecoTtdly^  The  Degrees  on  the  EquinoSial  be* 
twiit  the  firft  Point  of  Aries^  and  the  Point 
where  the  Brafs  Meridian  cuts  the  Equinoffial  is 
(  201  i  )  his  Right  Afcenjion.   - 

Tfjirdfy^  The  Degrees  on  the  Brafs  Meridian 
fcetwiit  the  Sun"^  Place  and  the  Horizon  is 
(30^  00')  his  Hei^t  at  Noon. 

PROB.  5;.  Elevation  of  the  Pole  (^l""  h)  and 
SunV  Place  ("27°  Cancer)  given^ 

^His  An^litude  cfRifingy 
j  Time  of^ifwg^ 

I  Oblique  Afcenjion^ 

I  Point  of  the  Compqfs  he  rifeth  on^ 

vpifference  of  Afcenjion. 

Having 
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tlavin^  reaified  the  Ghh  turn  tlie  BkU  Eaft- 
ward  till  the  Point  of  the  Sun^s  Place  comes 
right  againft  the  Horizon^  then  count  the  Dc- 
greet  on  the  Horizon  from  the  Eaft  Point  there- 
rf  to  the  Point  right  againft  the  Sun's  Place,  it 
gives  (bJ**  00')  his  Amplitude  of  ftrjf;/^.    Se-> 
condly^  The  if c7/^r  the  Index  points  to  is  ( 4  a 
Clock),  the  Time  of  Rifing.    Thirdly,  Double 
the  Hour  and  Minute  of  his  Rifing,  it  gives 
(8  itorr  J  )  the  Length  of  the  Night,    fourthly j 
The  Degrees  on  the  Equinoilial  betwixt  the  &ft 
Point  of  Ariesi  and  Point  where  the  Horizon 
cuts  it  is  (  90°  )  his  Oblique  Afcenjion.  ^  Fifthfyy 
The  Point  of  theCompaJs  he  riles  on  is  (N.  E. 
tj;  E. )  found"  upon  the  Horizon  right  againft 
his  Place  dn  the^JBjfl.    Sixth%  Subftradt  the 
Right  Afcenjiqn  from  the  Oblique  Afcenfion  or 
Contra^  the  Remainder  (29**)  gives  the  V^iffe- 
rence  of  Afcenfion. 

IPROB.  S.  Elevation  cf  the  Pple(5i^  l)  and 
V  Ylace  of  the  Sun  (  21^  t  ).£iveny 

His  Antplitude  of  Setting^ 
iTime  ^  Setting^ 
To  fiud^  Length  of  the  Day^  .     , 

Oblique  Defcenfion^ 
'Voint  if  the  Compqfs  he  Sett  on.  -  .     » 

The  Globe  re6tify'd  as  before,  turn  the  BaU 
'Wefiward  till  the  Sun's  Place  fee  juft'^alnft 
the  Horizon^  then  tell  the  Degrees  on  the  H^ 
rizon  betwixt  the  Weft  Point  and  the  5/^/f  s 
Place,  for  that  is  (38^  00')  his  Amplitude  pf 
Setting.  Secondly^  See  wh^t  time  thb  JndAc 
points  to,  for  th^t  'is  (  4  ^  Clock  )  the  Hour  df 
his  Setting.    Thirdly^  ttouble  the  Time  -of  his 

Setting^ 
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Settwgj  it  gives  (8  Hours)  the  Length  of  die 
Day.  fourthly^  The  Degrees  on  the  EqmrtoQial 
betwixt  the  Point  where  ^(^  Horizon  cats  it 
aiid  the  Beginning  of  Aries^  is  (  3 1 8°  )  his  Ob* 
lique  Defcenjion.  La/lfy^  The  Point  of  the  Com- 
pafs  he  Sets  on  is  (SL  W,  hy  W.)  found  on  the 
Horizon  right  againft  his  Place  on  the  BaU, 

PROB.7.  Sun'j  PAa:^  (2^  00'  51)  Latitude 
of  the  Vlace  {^V  i)  given^  and  any  Morn^ 
'  ing  Hour  (fuppofe  9  a  Clock  )  propofed ; 

5  His  Azimuth  from  the  Eaft^ 
His  Height^ 
Foint  ^the  Compafs  he  is  upon* 

The  G/obe  and  all  things  re^Hfied,  move 
round  the  Ball  Eaftward  till  the  Index  points 
to  the  Hour  proposed,  and  there  fix  it  ^  Then 
if  you  lay  the  Quadrant  of  A/titude^s  graduated 
Edge  over  the  Suns  Place,  and  tell  the  De- 
grees from  the  Eaft  Point  of  the  Horizon  to 
the  Point  where  the  ^adrant^  cuts  the  Horizon^ 
it  will  give  you  (52**  00' )  his  Azimuth  from 
the  Eaft.  Secondly ,  You  have  his  Altitude 
(38°  00')  by  counting  the  Degrees  on  the  Qua- 
drant betwixt  the  Horizon  and  his  Place,  Laftr 
fy^  Juft  againft  the  ^uadrant\  Edge  on  the 
Outer  Circle  of  the  Horizon  you  have  (&£./y  E.) 
the  Point  of  the  Compafs  he  is  then  u^n« 

if  an  Afternoon  Hour  had  been  proposed,  the 
Glebe  muft  have  been  turrfd  Weftward,  and 
the  Azimuth  found  from  the  Weft. 

Note^  'Tis  by  this  Problem  we  find  the  Sun^s 
JLztmutb  at  6  in  the  Mornittg  or  Afternoon^ 
which  he  has  oilly  in  the  Summar  Half  Year 
ta  aU  Northern  Inhabitants. 

PROB^ 
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PROS.  8.  Again^  ?hce  cfthe  Sun  (17^  oo'a) 
Latitude  of  the  ?lace  (51°  t)  tf^i  any  Azi- 
muth (fifppofe  28  Degrees)  from  the  Eafl 
Southwardi  given  5 

(Hk  Altitude, 
To  find  \  Hour  of  the  Day^ 

(  Point  of  the  Compafs  he  is  upon. 

All  things  rectified,  bnng  the  Quadrant  of 
A/iitude  sLbaat  till  it's  graduated  Edge  fkuds 
juft  againft  the  given  Azhnuth^  then  turn  a-. 
bout  the  BaU  till  the  Sun\  Place  comes  under 
the  ^uadranfs  Edge  and  there  fix  it ';  then  the 
Degrees  on  the  ^adrant  betwixt  the  Sun\  Place 
and  Horizon  is  (  jj"*  00')  his  Height.  Second- 
ly.  The  Hour  the  Index  points  to  is  the  Time 
of  the  Day.  TbirdlVy  The  Point  of  .the  Com- 
pafs  is  (S,E.  by  E.)  had  on  the  Outer  Circle 
of  the  Horizon  right  againft  the  Surfs  Pkce 
on  the  Bat. 

Ndte :  If  the  Azimuth  given  be  Weftward, 
the  Hour  found  will  be  Aftefnoon,  otherwile 
^tis  Morrnng. 

By  this  Prob.  the  Susis  Height  at  Hour  of 
tibe  Day  is  found  when  he  is  dueEaft  or  Wefi^ 
which  can  only  be  in  the  Summer  Half  Yeai;, 
in  Places  that  have  North  Lgtitmie. 

PROB.  f.  Smfs -Place  (6^  00'  W)  and  Ele- 
vation cf  the  Pole  ( ?  I**  i)  mth  any  After- 
noon  Altitude  (fuppofe  32*  00' )  given -^ 

\The  Hour  of  the  Day, 
To  find  <  Azimuth  from  the  Weft^ 

iPoint  ef  thiCmpafsUht^. 

AH 
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All  things  redified,  bring  the  Quadrant  o^ 
Altitude  on  the  Weft  Side  of  the  Horizon^  thai 
turn  the  BaU  and  it  together  till  the  Altitude 
counted  on  the  ^adrant  from  the  Horizon  lies 
eiadtly  over  the  Sun\  Place,  where  fix  it,  tfaent 
the  /feiw'  the  Index  points  to  is  (jj  after  j) 
the  Time  of  the  Day  ^  alfb  the  Degrees  on  the 
Horizon  from  the  Weft  to  the  Divided  Edge 
of  the  ^adrant  is  (20'='  00')  his  Azimuth  from 
theWeft.  Tforrf/y  Juft  againft  the  ^adrant\  Edge 
on  the  Outer  Circ/e  of  the  Horizon  is  (W.S.  W,) 
the  Point  of  the  Compafs  he  is  then  upon. 

If  it  had  been  Morning  Altitude  the  Gkbe 
muft  have  been  turn'd  Eaftward,  and  dien  tj^ 
Index  would  have  pointed  to  a  Morning  Howr 
and  the  Azimuth  will  be  E(^erly.    . 

PROS.  10.  Latitude  of  the  Place  ($1  >)  dW^ 
Place  of  the  Sun  (20°  00'  ^)  ^iw/f,  to  find 
the  Leffgth  of  the  longeft  prefent  (wb^Sl^up- 
po/ejm.  29*)  andjhorteji  Day.     .    ^ 

-  From  feveral  of  the  preceding^  Problems  smd 
Nature  of  the  5j^»'s  Motion,  'tis.manifeft  the 
Sun^s  Declination  is  the  Caufe  of  the  Increafb 
and  Decrfafe  of  the  Artificial Day^  .far  his  la* 
creafing  in  North  Declination  lengthens  the  Day 
to  all  Northern  Inhabitants^  but  the  contrary 
happens  to  all  Southern^  and  <a)nleauentl)r, 
when  he  is  in  his  greateft  North  DecanatioTr^ 
the  Longeft  Day  is  made  to  all  that  have 
North  Latitude^  but  when  in  his  greateft  South 
Declination^  then  thfe  Lbngeft  Day  is  made  to 
all  Southern  Inhabitants. 

Redifjr  therefore  .the  Globe  to  ^  Latitude 
rof  the  Place,  and  find  die  Place  of  the  Sm  for 

the 
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the  prefent  Day  (which  is  ao"*  oo'^)  on  the 
iWf,  this  done,  bring  his  faid  Place  to  the  Eaft 
Side  of  the  Horizon^  and  fet  the  Index  to  the 
lovrer  1 2  on  the  Hour  Wheel  Then  ( having 
made  two  Marks  on  the  Troplcks  where  the 
Eaft  Part  of  the  Horizon  cuts  them', )  turn  a- 
bout  riie  BaU  Weft  ward,  till  the  Mark  on  tlie 
TroMck  of  Capricorn  comes  right  againft  the 
Weft  Side  of  "tne  Horizon^  fo  the  Hours  the  In* 
dex  has  paft  over  irom  the  Point  twas  fet  at 
is  (7  Hours  4)  the  Length  of  the  Short efl 
Day.  This  done^  turn  it  more  Weitward  till 
( 20**  00'^ )  the  Sun[s  Place  lor  the  prefent 
Day  comes  againft  the  Horizon^  then,  as  be- 
fore, the  Hours  the  Index  has  paft  over  from 
Ae  Point  'twas  firft  fet  at,  which  (is '9  Hourf  J ) 
will  be  the  Length  of  that  Day  in  our  Lati* 
tude^  Thirdly^  Turn  the  Globe -mott  Weftvvard 
till  the  Mark  on  the  Tropick  (^  Cancer  come 
juft  againft  the  Weft  Pomt  of  the  Horizon^  fb 
will  the  Index  point  out  (16  Hours k)  the 
Length  of  the  Longeft  Day  in  the  Latitude  of 
51*  00'  North. 

The  Length  of  the  Night  is  found  by  taking 
the  Length  of  the  Day  from  24  Hours. 

PR  OB.  11.  Latitude  of  the  Flace  f  51®  30' J 
and  Flace  cfthe  Sun  ( 20*"  00'^) given^ 

Sun'x  Depreffion  at  Midnighty 
Time  of  Twilighfs  Beginning^ 
To  Had^Time  ofTvoilighty  Ending^ 
Time  of  its  Continuance^  and 
Length  of  the  quite  dark  Night/ 

AH  things  reftified^  bri9g  the  oppofite  Point 
to  the  Sun's  Phuce  under  the  Bra/s  Meridian, 

•    Y  (whkli 
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(which  Point  is  had  in  the  EclipiicknnAev  the 
Bra/s  Meridian  below  the  horizon, )  Then  tlie 
Degrees  on  the  Meridian  betwixt  that  Point 
and  the  Horizon  is  (21*^  00')  his  Deprefiioa 
•'  at  Midnight.  ^  Second y^  Move  the  BaU  and 
^adr ant 'togtthsx  Weftward,  till  the  afbrejlaid 
oppo/ite  Point  of  the  Sans  Place  lies  juft  a- 
gainft  18  Degrfes  of  the  ^idrant^  then  the 
Hours  the  Index  has  pafs'd  is  (  i  Hour  I )  the 
Time  after  Mtdnighty  Twilight  begins  at  •,  Or, 
if  you  move  the  Bj// and  ^mdrant  £aft  ward  till 
the  (iiid  Point  be  under  18  Degrees  of  the  ^ua^ 
drant^  Will  give  3^00  (iQ7-/^z^/*^i)theTiine4^ 
ternoonTwi/ight  ends  at.  lourthly^  IhheHotir 
Twilight  begins  at  be  taken  fifom  the  Hour  of 
Sun-rifing^  *tvvill  leave  (  5  Hours  \  )  the  Time  of 
Twilight' %  Continuance,  fifthly^  The  Time  that 
Twilight  begins  at,  doubled,  gives  {'i  Hours  ly 
the  Length  of  the  quite  dark  flight. 

PROB.  12-  ThDay  of  the  Month,  (fuppofe 
Aug,  17.  ^  according  to  either  Account ,  given^ 
to  find  tvhat  other  Day  in  the  Tear  is  of  the 
Jame  Length 

From  ?rob.  10.  Ms  evident  that  in  the  Swrs 
decreafing  in  Declination^  there  is  one  D^yiu 
which  he  had  the  lame  North  Declination  as  he 
had  in  his  Encreafing,  which  two  Dttys  are  of 
equal  Length.  To  imd  which,  look  the  Place 
of  the  Sun  for  the  given  Day  on  the  Horizon^ 
whicli  got,  find  it  on  the  BaU^  and  note  the 
Declination  \  then  turn  about  the  BaU  till  Ibme 
other  Point  of  die  Ecliptick  comes  under  the 
afore-found  Declination,  which  Point  nofe^  and 
find  out  on  the  Horizon,  and  right  againft  it: 
*   '  ■  '  is 
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h  (Apr.  4. )  the  Day  of  tlie  Month  that  i»  of 

the  &ine  L^gth  with  the  given  Iduy. 

•  •  ' 

PR  OB..  13.  To  find  in  what  iMtltude  the  Lonr 
geft  Day  is  an.  Hour  longer  than  with  us  ut 

London. 

• 

Set  the  Globe  to  "London  s  Latitude^  and  brftig 
the  Solfticial  Colure  under  the  Mendia/ij  ahd 
fet  the  Index  to  12,  then  at  the  Interfedtion' of 
the  Horizon  with  the  Tropick  of  Cancer  m^ke 
a  Prick  on  the  laid  TropjcA.  After  this  move 
the  Ball  Weftward  till  7**  30'  of  the  Equi^ 
noSial  have  pais'd  the  Meridian^  and  againij; 
the  Honzon  on  the  Tropick  oxake  a  fec(»xi 
Mark,  then  bring  back  the  Colure  to  the  I\/]e^ 
ridian  and  there  fix  it ;  aft^  which  Elevate  / 
the  Globe  'till  the  fecond  Frick  appears,  ib  will 
the  Globe  reft  at  (56^)  the  Latitude  of  the 
Place  Inquir'd. 

PR  OB.  14.  To  find  how  much  the  SunVD^r//- 
nation  fnufl  increafe  or  decreafcy  to  make  the      ' 
Artificial  Day  an  Hour  longer  ( orj^orter) 
than  it  is  at  (March  8. )  the  Tme  p'oposd. 

•  Having  Elevated  the  Globe  to  the  Latitude 
of  die  Place,  find  the  Suri^  Declination  ( for 
AUrch  8. )  tnis  Declination  mark  on  the  Vernal 
Colure^  which  Mark  bring  to  tlie  Eaft  Part  of 
the  Horizon^  then  if  the  Days  lengthen,  torn 
the  Globe  Eaftward,  but  if  they  fhorten,  turn 
>t.  Weftward^  till  7^  90'  of  the  Equator  has 
]p^{$'d  the  Meridiany  and  where  the  Honzon 
now  ciits  it  makes  another  Mark  upon  it,  /b  the 
Diftance  on  the  Colure  betwixt  thefe  two  Marks 
h  (A)  the  Degrees  that  the  Declination  muft 

Y  2  increai9 
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inaeafe  or  deci'eafe  to  make  the  Day  an  Hour 
longer  or  (horter  than  it  was  at  the  time  prcH 
posy.  If  the  Days  have  not  an  Hour  to  kngthen 
orjhorten^  then  this  Prob.  is  improper. 

P ROB.  15.  Having  the  Latitude  of  jhe  Vbcey 
to  find  the  Number  of  Days  contain  d  betvoixt 
the  Days  cf  lengthening  or  Jhortening  one 
Hour  at  any  time  proposed.  Suppofe  from 
March  8. 

Make  tv^^o  Vricks  on  the  Colure^  as  in  the 
laft  Example^  then  find  the  Days  on  whidi  the 
SunsDeclination anfwers  to thofe Pricks^  fb the 
Time  included  betwixt  thofe  two  Days  are  the 
Days  that  he  is  lengthening  or  (hortening  one 
Hour  at  that  time  of  the  Year.  In  our  E^j«- 
ple  'twill  be  about  3 1  Days. 

PROB.  i5.  To  find  the  Height  of  the  Sun  by 
the  Globe,  tvhen  the  Sxxnjhmes. 

Set  the  Globe  on  fome  Plain  ( where  the  St^un 
fhines)  as  level  as  you  can,  then  turn  the 
North  Vole  of  the  Globe  to  the  Sun^  moving  it 
up  and  down  till  tlie  Vole  has  no  Shade,  tnen 
xvill  the  Globe  reft  at  the  Altitude  counted  on 
the  Brafs  Meridian  betwixt  the  Vole  and  Ho- 
rizon. 

PROB.  17.  To  know  whether  'tk  before  or 

after  Noon. 

Having  made  an  Obfefvatidn  of  the  Sun  9 
'Height,  make  a  fecond  a  little  while  after,  then 
if  the  Altitude  increafe  *tis  before  Noon^  if  it 
decTeaft  'tis  after  Noon.     , 

PkOB. 
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PROP.  18.  To  find  the  Hour  of  the  Day  by 
the  Globe  when  the  Sun  pjines. 

« 

Redify  the  Globe  and  fet  it  upon  fome  plain 
truly  Level,  with  the  North  Vole  towards  the 
North  Part  of  the  Ueauen^  then  when  the  Sun 
fhines,  oblerve  the  Shade  of  the  Axis  upon  the 
Hour  Orckj  'twill  give  you  the  Hour  of  the 
Day.  \ 

Note':  This  is  only  for  the  Summer  Half- 
Year,  and  therefore  for  to  find  the  Hour  for 
the  other  Half-Year,  deprefs  the  faid  Fole 
as  much  below  the  South  Part  of  the  Horizon^ 
hj  which  means  'tis  diredly  oppofite  to  its 
feft  Pofition,  fo  will  the  Shade  of  the  Axis 
give  the  time  of  the  Day  in  the  Hour  Qrclg 
as  before. 

Of  the  Star  s. 

PR  OB.  19.  To  find  the  Longitude  and  Latitude 
of  any  Star. 

Lay  the  ^adrant  of  Altitude  over  tliat  Vole 
of  the  Ecltmick  neareft  tlie  Star  whofe  Longi- 
tude you  leek.  Then  i)lace  the  kl!tadrant\ 
Edge  over  the  Center  of  the  Star^  and  look 
what  Degrees  of  the  Ecliftick  (reckoned  froflfi 
theB^inning  oi  Aries)  it  cuts  ^  for  tliat  k 
the  Stars  Longitude :  Alfo  the  Degrees  on  the 
^adrant  betwixt  it  and  the  Star\$  it$  Lati- 
tude. Proceed  thus  and  you  U  find  the  Longi- 
tude of  Affuruis  in  Bootes  to  be  about  20  Degrees^ 
and  his  Latitude  near  34  Degrees^ 

Y  3  PROB. 
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PR  OB.  20.  To  find  the  Diftance  of  2  Stan 
vahcrever  the  Stars  be. 

Lay  the  Quadrant  of  Altitude  over  them,  and 
if  the  Quadrant  he  too  (hort,  elevate  or  deprefi 
the  Globe  till  they  both  come  agalnft  the  £for/- 
x:^;//,  fo  tJje  Degrees  betwixt  tvi  Starsj  cither 
on  the  Sluadrunt  or  Uoriz^n^  is  their  Diftanc^. 
Proceed  tlius  and  you  will  find  the  Diftance  be- 
twixt Aldeharan  and  Cor  Scorpio  171  Degrees. 

PROB.  21.  To  know  vohat  Stars  wiU  be  upon 
the  Meridian  at  any  Hour  of  the  Nighi  and 
any  time  gftlie  Tear^  the  Latitude  beit^  given. 

,  The  Globe  and  all  things  redified,  bring  the 
Sun's  Place  for  the  given  Day  under  the  Brafs 
Meridian,  and  f«t  the  Index  to  12,  then  turn 
the  Ball  Weftward  till  the  Index  points  to  tte 
Hour  proposM,  where  fix  it  \  then  all  the  Sfars 
that  are  under  the  Brafs  Meridian,  are  then 
upon  the  Meridian. .  Proceed  thus  and  youfhall 
find  that  Seheat  and  Marjbai  both  in  Pegafi^j 
with  ibme  other  finall  Stars,  will  be  undor  the 
Meridian  on  0<7-  8.  at  ^  paft  9  at  Night. 

PROB.  2^«  To  know  xdhat  Day  in  the  Tear  any 
Star  viiB  be  upon  the  Meridian  at  ^  a  Night. 

Bring  the  Shr  to  the  Meridian^  theo  turn 
the  Ball  Eaffward  till  the  Index  points  at  as 
many  Hours  hefore  JJoon  as  the  Star  is  to  bq 
on  the  Meridian  after  Noon,  that  is»  in  our 
Exawple,  till  the  Index  points  at  ?  ^  the  Qhbe^ 
feft:n^  in  this  Pofition,  fee  what  Point  of  the 
Etiipttck  is  under  the  Brafs  Meridian,  which 
Point  is  the  Plate  of  the  Sun,  and  if  fought  out 
.     .  on 
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on  the  Horizon^  right  againft  it  is  the  Day  of. 
the  Month  the  •  Stt^r  proposed  .will   be  on  the 
Meridian.     Proceed  thus  and  you  Ihall  find 
that  Aldebaran  will  be  on  tlic  Meridiany  De- 
cember 30.  near  9  at  Night. 

PROB.  2?.  Latitude^  Day  of  the  Months  and 
Altitude  of  a  Star  given,  to  find  the  Hour  cf 
the  "Night. 

All  things  reftified,  and  oppofite  Point  of 
the  Sun\  Place  brought  under  the  Brqfs  Meri^ 
dian^  move  the  BjU  till  the  Altitude  proposed 
lies  ju ft  under  the  ^uadrant^sEdge^  then  will  the 
Index  point  at  the  Hour  of  the  Night. 

Ai?/^,  That  if  the  Suns  Place  and  ^adrant 
he  brought  on  the  Eaft  Side,  the  Hour  found 
is  after  Midnight^  but  if  on  the  Weft  Sid^,  'tis 
before  Midnight.  Proceed  thus,  and  you'll  finJ 
that  Cor  hednis  on  November  i.  id  25:  deg.  high 
at  i  an  Hour  paft  2  in  the  Morning. 

PROB.  24.  To  find  hoTo  many  Hours  any  Sta^ 

•  continues  above  or  under  the  Horizon  in  any 

Latitude.  •    - 

The  Globe  fet  to  the  Latitude^  bring  the  Star 
to  the  Meridian  and  let  the  Inde^  to  1 2,.  then 
turn  the  G/obe  Weftward  till  the  Star  proposed 
comes  joft  againft  the  Horizon^  then  ihall  tlia 
Hour  the  Index  points  to  be  half  the  lime,  . 
wliich  doubled  gives  tlie  whole  Time  ^  as  fup-? 
po(d  it  points  at  7  Hours  ^,  this  doubled  gives 
15  Hours  i,  the  time  it  continues  above  the 
Horizon.  Proceed  thus  and  you  fliall  find  that 
fai^nhaut  in  Aquarm  will  continue  5  Hour?  a- 
bove  the  Horizon  ia  our  Latitude. 

y  4  PROB. 
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PROB.  25.  At  what  Hour  any  tim  <f  the 
Teafy  any  jixt  Star  rij^s  or  fets  in  any,  Jjor 
titude. 

m 

Let  it  be  proposed  to  find  what  Hoar  any 
'  SUr  rifes  or  fets  Sept.  14.  The  Globe  beii^ 
redified  to  the  Latitude  and  Day  proposed,  that 
is,  the  Sun*s  Place  brought  under  die  Brafs 
Meridian^  turn  about  the  Globe  till  the  Star 
enquired  after  comes  juft  againft  the  Eafl  Part 
of  the  Horizon  J  then  will  the  Index  point  at 
the  Hour  of  its  rifing.  If  you  turn  it  Weft- 
ward  till  it  comes  againft  the  Horizon^  .the  to- 
dex  will  Ihew  the  time  of  its  fetting.  Proceed 
thus,  and  you  ihall  find  that  in  our  Latitude^ 
Syri/^  the  Ddg-Star^  on  the  14.  of  September^ 
will  rife  at  7  a  Clodk, 

PROB,  26.  Latitude  (f  the  flace  given^  to 
find  vohat  Stars  never  rife  or  fet. 

Obferve  what  Stars  have  38^  i  North  Dec/i- 
nation^  for  all  fuch  Stars  never  let  in  our  1>- 
titude^  neither  doth  any  Star' Ti£t  tliat  hath  a- 
bove  jS''  i  of  South  Declination. 

PROB.  27.  To  find  the  Cofmical  and  Acrmcal 
Bifing  and  Setting  of  the  Stars. 

The  Cofmical  Rifing  of  a  Star  is  when  it  ri"* 
feth  with  the  Sun^  and  the  Cofmical  Setting 
when  it  fets  in  the  Morning  or  goes  down  when 
the  Sun  is  riiing.  The  Acronical  Rifing  is 
when  a  Star  rifeth  When  the  Sun  fets,  and  the 

Acronical  Setting  is  when  a  Star  fets  with  the 
Sun. 

The  Globe  redified^  bring  the  Sun^s  Place 
fcsf  the  Pa^  propofed  to  the  Eaft  Part  of  the 

HoriJgion^ 


^  . 
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Horizon^  then  all  die  Stars  that  appear  on  the 
&i2f  againft  the  Eaftem  Edge  of  the  UariioM^ 
do  that  Day  rife  CofmicaUy^y  and  thole  <S/4rx 
which  are  againft  Ae  Weftern  Rim  of  the  Hih 
rUon^  do  that  Day  fet  Cofmicdty.  But  if  jroa 
brin^  the  5iy/r's  Place  to  the  Wdtem  Side  of  the 
ifontcm^  then  all  the  Siars  againft  the  £aft  Part 
of  the  Uoruxm  be  rifing  AcronicaJfy^  and  all 
the  Stfs  againft  the  Weft  Part  of  the  Uoriz^an 
be  letting  Acr an i catty • 

Thus  proceeding,  you  fliall  iind  that  oA  May 
lbs  ^-jthy  Aldebaran  or  the  BuU^s  Eye^  with  or 
ther  Imall  Sfars  rife  Q^micaUy^  and  the  Right 
Leg  of  Serpent arius^  w;th  leveral  finaller  iSr^x 
fetting  CojmicaHy. 

Alio  upon  the  18/6  of  OSober  you  ihall  find 
a  5/tfr  in  the  JT^^i/f *s  Xw/,  and  other  fmaller 
Stars  Acromcatty  rifing ,  and  the  T^»/  of  the 
Liany  South  BaUance,  and  other  little  Stars  fet- 
ting  AcrmkaUy. 

The  UJe  of  the  Globes  in  Geography  and 

Navigation. 

• 

Before  we  enter  on  the  Geographical  zn^  Nau- 
tical Problems^  it  will  be  neceflary  to  inform 
the  ReadeTy  that  among  the  Meridians  before 
deforibed  to  be  on  the  Surface  of  the  G/obey  ope 
is  more  generally  noted  Aftii  ther  reft,  which 
Meridian  is  (as  it  were)  the  Landmark  of  the  ' 
whole  SpherCy  and  is  the  Bounds  firom  whence 
the  Longitude  of  all  Places  is  accmmted  quite 
round  the  G/obe.  In  our  commqp  Eng/ijb  Globes 
it  is  made  to  pals  thro'  St  Micbaets^  on?  of  the 
4xores  Iilands« 

In 
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In  flao^ation  we  count  that  the  Grand  Me- 
ridian from  whence  we  begin  our  Reckoning. 

PR  OB.  I.  Any  flace  being  found  on  iU  Globe, 
to  find  its  Longitude  and  Latitude^ 

Bring  the  Place  under  the  Brafs  Meridian^ 
then  the  Degrees  the  Meridian  cuts  ort  the'E- 
guatar  is  its  Longitude  •,  alfo  the  Diftance  on 
the  Brafs  Meridian  betwixt  the  Pkce  and  Equa- 
tor is  the  Latitude. 

Thdis  proceeding,  you  will  find 

^     r  7     1  Longitude  of  66^  40'. 
y^^^S^'^^lUtitude  of  32^  id.  N. 

The  Converfe  of  this  Vroblem  is  eafil^  per- 
formed, that  is,  by  having  the  Longitude  and 
Latitude^  to  find  out  the  Place  on  the  Globe* 

VKOK  2.  To  find  the  Bearing  and  Diftance  if 
one  V lace  from  another  -^  fuppqfe  London. 

Elevate  the  Globe  to  the  Latitude  ofLondani 
and  bring  London  to  the  Meridian^  fo  will  it 
fall  juft  in  the  Zenith^vAMexQ  fix  the  Quadrant  of 
Mitude  i  then  lay  its  graduated  Edge  over  any 
other  Place,  whofe  Bearif^  and  Diftance  you 
require  from  London.  Then  right  againft  the 
Quadrant  on  the  Uori^on^  is  the  Point  of  the 
Compafs  the  faid  Place  bears  from  London  ^  alia 
the  Degrees  on  t\m0^uadrant^  betwixt  the  Ze^ 
nith  and  Flace^  is  their  Diftance  in  D^rees^ 
which  Multiplied  by  70,  ^vcs  their  Diflancc 
in  Englifh  Miles. 

Proceed  thu^  and  you  {hall. find  the  Bearim 

and  Diftance 

From 
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Surrat  ^Eaft 

If  the  ^airant  of  Mituis  will  not  readi 
both  Places,  take  their  Diftance  with  a  Pair  of 
Compaffetj  and  apph'  that  Extent  to  the  Equar 
tar  or  Ecliptkk^  and  you^l  have  their  DiflaiKe 
in  Degrees^  as  before. 

PROB.  9.  To  find  what  Hour  it  is  in  any 
Vart  cf  the  Earthy  vben  ^tk  Noon  tfjtth  ui 
at  London. 

Bj  reafbn  of  the  Diurnal  Motion  6i  the  Sun 
(or  Earth)  once  in  24  Hours  (the  Sun  never 
£nl:ghtening  hot  half  of  the  £^f  ft  at  one  time) 
it  comes  to.pafs^  that  when  'tis  Morning  iH 
one  Place,  'tis  Noon  in  a  fecond.  Night  in  a 
third,  and  Midnight  in  a  fourth,  according  to 
their  feveral  Situations,  in  refped  of  Eaft  and 
W^  one  from  another,  and  this  Temporary  Dif- 
ference is  known  by  the  Degrees  in  the  Equator 
between  the  Meridian  of  any  two  Places  con- 
verted into  Tiu^e,  allowing  15  Degrees  to  an 
Hour.  And  further,  note,  that  if  the  Place  lies 
Eaft  from  the  Place  whofe  Noontide  was  given, 
then  'twill  be  Noon  at  that,  before  *tis  at  the 
other  Place  -,  if  it  lies  Weft,  tlien  their  Noon 
will  be  after  the  Noon  of  the  Place  whofe  Noon- 
tide is  giyeuy  As  if  London  be  brought  under 
the  Brajs  Meridian^  then  all  Places  in  the  Ea- 
Ifcm  neMi/^bere  are  faid  to  lie  Eaft  o£  London] 
and  thofe  m  the  Weftern  hcmrfphcre  Weft  of 
London.  This  being  premis'd,  nippofe  at  12  a 
Qock  at  London  I  would  knew  what  'tis  at 
Fart'Rayai  in  Jamaica.        ^  Baig 
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Bring  London  to  the  Meriiidn  and  fj^t  the 
Indtx  to  12,  then  turn  the'G/^ii?  Edbv^d,  be- 
caufe  London  is  ICaft  of  Jmaica^  till  Vort-Kayal 
comes  under  the  Br^/x  Meridian^  then  the  Time 
the  forf^x  points  to  (which  is  6  Hours  37  Mtn. ) 
fo  that  'fis  37  Minutes  paft  6  in  the  Ajternopn 
at  Tort'Roy^l  when  'tis  12a  Clock  at  London. 

If  you  would  know  what  Hour  'tis  at  any. 
Place  when  'tis  any  other  Hour  at  London  j 
.  take  the  Difference  of  the  Noontides  of  the  two 
Places  from  the  Hour  proppfed,  if  the  Place 
lies  Weftward  of  that  you  enquire  5  but  if  it 
lies  Eaftward,  add  the  Difference  to  the  Hour 
propoied,  the  Remainder  or  Sum  is  the  Hour 
of  the  Day  in  that  other  Place. 

E  X  A  M  p.  When  ^tis  i  a  Oock  at  London, 
txibax  k  it  at  Jerulalem,  thtfr  Difference  of 
Noon-tides  being  2  i  Hour^  ? 

So  that  *tis  30  Min.  paft.*)  '  f ^  London, 

3  in  the  Afternoon  at  Jerufa-  Cl.F_^"" 

km  when  'tis  i  at  London.     )  Viat  Jerufalem. 

Again,  when  'tis  2  at  London,  what*  is  it  at 
hermudoiy  their  Difference  of  Noon-tides  being 

4  A  Hours  .^  ,  •^So  that  'tis  9  ^  a 
2  at  London,  (jZlock  at  Bermudas 
4  i  Subilraa  f  when  'tis  2  at  Lon- 
9  I  a  Clock  at  Bermudas.  J  don. 

N/)te :  When  you  cannot  take  the  Difference 
from  the  Hour  propofed,  add  1 2  to  it. 

PROB.  4.  To  know  what  ?^rts  of  the  Earth 
have  Noon  when  ^tk  any  Hour  with  ». 

Note :  If  the  Hour  given  at  London,  be  be^ 
fore  Noon^  the  Fla^  that  have  thes  Noon  lid  * 
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£ift  oELcndan^  if  the  given  Hour  be  Afternoon 

tliey  lie  Weft  of  London.  j 

The  Glpbe  reftified,  and  the  Index  fet  at  the 
Given  Hour,  turn  the  G/obe  about  till  the  In-^ 
dex  ppints  to  12,  then  all  Places  under  the 
South  Part  of  the  Brafs  Meridian  have  Noon  at 
the  Hour  propofed,  thus  proceed,  and  you  will 
find  that  when  'tis  9  a  Clock  in  the  Morning  at 
London^  'tis  Noon  at  Babylon  in  Ca/dea  ^  and 
when  'tis  I  paft  4  in  the  Afternoon  at  London^ 
'tis  Noon  at  Bermudas. 

But  note^  when  the  Sun  is  in  one  Degree  of 
Cancer y  he  Enlightens  2?°  30'  bf  the  Meridian 
on  the  other  Side  of  the  N'orth  Vole^  and  confer 
quently  23''  30'  Dark  on  this  Side  tlie  South 
Tole^  underftand  the  contraty  when  he  is  in  the 
firft  Point  o(  Capricorn^  from  which  Conlide- 
ration  may  eafily  bee  feen  the  Limitation  hi 
the  preceding  Ca/e, 

PROB.  5-  Tofind^  at  any  time  of  the  tear  and 
Hour  of  the  Day^  tvbat  Part  of  the  Earth  hoi 
the  Sun  in  their  Zenith. 

No  Part  of  the  Earth  has  this  Property  but 
fuch  as  are^  in  the  Torrid  Zone^  Find  there 
fore  the  Sun\  Declination  for  the  Day  propofed, 
then  reaify  the  Globe  to  the  Latitude  of  the  // 

Place  in  which  you  propofe  the  Queftion,  and  '•/: 

bring  the  faid  Place  to  the  Bra/s  Meridian,  fet-  ^\f' 

ting  the  Index  to  point  at  the  Hour  propofed,  '   ■ 

this  done,  turn  the  G/obe  Weftward,  if  before 
Noon^  elfe  Eaftward,  till  the  Index  points  at 
12  :  then  if  you  look  for  the  Degree  of  Dec/i- 
nation  on  the  Bra/s  Meridian^  you  will  have 
juft  under  it  the  Place  which  on  that  Day 

.    and 
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apd  at  that  Hoar  has  tbe  Sitjn  in  their  Ze- 

nith.       ^ 

Tkus  proceed,  and  yoa  fliall  find  that  on  Apr. 
loth  and  Ai^*  i7tli)  both  which  Days  the  Sun 
has  lo"^  go'  oilslorth  Dec&nation  at  30  ^n. 
«^yy  ^ternoonYNombre  di  diot  on  the  /^i&- 
'-  ^  \6  Morning  Jar/wr  of  Manama  \  alio  feme 
finall  Iflands  on  the  Weft  of  Molucca  m  Eajl 
India  to  lie  under  the  Brafs  Meridian^  fe  that 
hoth  tho(e  Places  at  the  time  proposed  have  the 
l^un  in  their  Zenith. 

P  R  O  B.  6.  To  find  what  Tarts  of  the  Earth  have 
the  Sun  Rijingy  vohat  Setting^  what  have  Noon. 
what  have  Midnight^  affo  where  Twilight  is 
beginning^  vchere  ending^  any  time  of  the  Tear 
and  Hour  cfthe  Day. 

Find  by  the  laft  Vroblem  what  Part  of  the 
Earth  has  the  Sun  in  their  Zenith  at  the  time 
proposed.  Then  Elevate  the  Globe  to  that 
Placets  Latitude,  after  which  bring  it  under  the 
Brafs  Meridian^  lb'  fliall  all  Places  cut  by  the 
Eafteni  Part  of  the  Horizon  have  the  Sun-rijing^ 
thole  cut  by  the  Weftern  Part  of  the  Horizon 
will  have  him/ettingy  thofe  under  the  Elevated 
Half  of  tlie  Meridian  will  have  Noon^  thofe 
under  the  depreft  Half  will  Iiave  Midnight^ 
thofe  18°  below  the  Eaft  Part  of  the  Horizon 
will  have  Txmlight  beginning,  and  thole  Places 
18^  below  the  Weft  Side  of  the  Horizon  will 
have  Twilight  ending- 

PROB.  7.  To  find  the  Antaeci,  Perieci^  and 

Antipodes  of  any  Fiace. 

Antacidns  are  thole  that  lie  in  the  lame  Lon^ 
gitude  but  have  Different  Latitudes,  that  ia^ 

they 


r 
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^^ey  have  as  much  South  Lasiiude  as  we  have 
Korthj  hence  tliey  have  the  Hours  with  us,  but 
tx)ntrary  Sea&ns,  their  Summer  being  cwr  Winter. 

FerUcians  are  thofe  that  lie  in  the  lame  Dtf- 
^rees  ot 'Latitude  but  180''  Difference  of  L#/r- 
irtude^  they  have  the  fame  Seafbns  with  us  but 
•  contrary  Hours,  viz.Noon  for  Midnight. 

Anifpodes  are  thofe  tli^  are  wlK)lly  oppofite, 
going  with  their  Feet  to  ours,  having  180''  Dif- 
ference of  Latigitude;  and  5 1"*  i  of  contrar)''  La- 
titudcj  and  fo  have  both  Seasons  and  Hours 
contranr. 

To  find  them  by  the  GJoie^  briiig  London  to 
the  Meridian^  then  count  froni  the  Equator 
Southward  on  the  Bra/s  Meridian  51°  ?o ,  and 
you  have  London  s  Ant<ed.  '  Secondly,  Coimt 
Irom  the  North  Po/e  tlie  Complement  of  the 
Latitude  58*^  30'  downward  and  you  have  Lon- 
don s  Period.  Thirdly,  reckon  ?8^  30'  from 
the  South  Pole  downward  on  the  Meridian  and 
it  gives  the  Point  of  London's  Antipodes. 

PXOB.  8.  HiTuing  the  Sarins  Dee/inattM  and 
Meridian  Altitude^  to  find  the  Latitude  cf 
the  Place* 

Count  the  Decimation  from  the  Equator  on 
the  Brafs  ^leridian  either  toward  the  North  or 
South  Pole,  as  it  is,  noting  the  Point  i  then 
turn  the  Bra/s  Meridian  up  and  down  in  the 
Notches  of  the  Horizon^  till  the  Point  011  th« 
/tkridian  be  fb  far  difiant  from  tlie  Horizon^  as 
i$  the  given  Altitude  ^  io  will  the  Globe  jreft 
at  the  Latitude.  Thus,,  if  the  Declination  h$ 
1 1°  30'  North,  and  the  Meridian  Altitude  50 
Degrees^  the  Latitude  will  be  51^  30'. 

Note, 
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Note^  If  tlie  Obferv'd  Altitude  be  oft  ibe 
StNith  Side  of  the  Meridian^  the  Latitude  is  ge- 
nerally North  \  but  if  on  the  North  Side^  mc 
Latitude  is  generally  South, 

P  R  O  B-  9.  By  the  Meridian  Altitude  of  anyfixt 
StZTj  to  find  the  Latitude. 

Bring  the  Star  to  the  Meridian^  and  from  its 
Center  count  downwards  the  given  Altitude^ 
and  note  the  Point  on  the  Brafs  Meridian  5  then 
bring  the*  faid  Point  to  the  South  Part  of  the 
Horizon^  if  it  was  obferv'd  on  the  South  Part 
of  the  Meridian^  (but  to  the  contrary  Side  of 
it,  if  it  be  dbferv^d  on  the  North  Part )  and  the 
Globe  will  reft  at  the  Latitude  of  tl^e  Place. 

Thus  if  the  Meridian  ^Algol  li^  J^^^ 

height  oi  iSpicartrgifikS    lii'' 

PR.OB.  lo-  To  find  the  Latitude  by  two  Sta», 
one  being  on  the  Meridian^  the  other  rifing 
or  Jetting. 

Bring  the  Star  obferv'd  on'  the  Meridian  to 
the  Meridian  and  there  fix  the  Body  of  the 
Globe  J  then  turn  the  Mertdian  up  and  down  ill 
the  Horizon  till  the  other  Star  Be  juft  againft 
the  Eaft  or  Weft  Side  of  the  Horizon^  Acti 
will  the  Globe  fiand  at  the  Latitude. 

TTius  if  Aldebaran  be  on  the  Meridian:^  and 
Danehin  the  Von's  Tail  rifing,  the  Latitude  will 
be  about  yo*»  lo'  North.  .        ' 

PROB. 
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PROB.  II.  To  find  the  Latitude  hy  the  Height 
of  2  Stars  bei^  both  an  the  fame  Azimuth  or 
foint  of  the  Compafs. 

Lay  the  ^adrant  over  both  Stars  at  the 
'Degree  of  Altitude  you  dbferv'd  them,  thai 
turn  the  Britfs  Merman  up  and  dowo  in  the 
horizm  till  the  ^uadranis  Edge  refis  at  die 
(Hven  Azimuth^  &  ihali  the  Globe  ftand  at  the 
Latitude. 

Thus  if  CapeJla  and  Scbeder  be  both  on  the 
Korth  Eaft  Azimuth^  the  firft  20^  high  and  the 
kft  66^  hi^,  you  will  find  the^G/obe  to  rdft 
at  40  deg.  wfucn  is  the  Latitude  deiiredi 

PROR  12.  Jtte;/;??  the  SunV  ^v  ^  Star^i*  IV- 
eUnationj  to  find  the  Amplitude. 

Elevate  the  Globe  to  the  Given  An^fttude^ 
and  count  from  the  Pole  on  the  Meridian  the 
Complement  of  the  Amplitude  to  get  the  Zenith^ 
and  thereto  (crew  the  ^adrant  of  Altitude^ 
and  brine  die  End  thereof  to  the  Eaft  or  ^V'eft 
Side  of  iSe  Horizu>n^  then  count  the  Cd-Declina- 
tion  of  the  5m7  or  5/tfr  from  the  Vole  on  the 
EqtnnoQial  Colurey  and  bring  the  Degrees  to  the 
^jfoirant  of  Attitude^  dien  the  Difbnce  on  die 
Quadrant  betwixt  that  Point  and  the  Zenith  is 
the  JU/i/jdlr  you  are  in. 
•  Proceed  duis  and  you  ihall  find  that  if  the 
Sten  or  a  S/^r  have  12  Degrees  of  Declination . 
and  20  Degrees  of  Amplitude  from  the  Eaft 
Northward,  thit  the  Latitude  will  be  about  5 1 
Degrees  Nordi. 

The  folbwing  TtfW^  will  (erve  as  a  Proof  for 
pgAdtibzAfirondmical Operations  by  the  G?^^« 

Z  ATA* 
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Tht  Defcriftion ana Ufe  of  the  Sector,. 

THE  Sector  is  a  Ruie  that  opens  and 
ihuts  like  a  common  two  Foot  Jom-Rji/e^ 
they  are  fitom  4  Inches  and  i  long  when  {hut. 
to  i8  Inches.  Ujpon  this  Rule  are  put  (everal 
U/rrx,  the  prinapal  of  whidi  are  put  Seffar^ 
wife  J  that  is,  they  are  drawn  from  the  Center 
of  the  SeSar  imon  both  L^  to  near  the  Ends 
of  the  Le^  tne  moft  u^ul  of  which  is  the 
Line  of  Ijnes^  the  Line  bf  Qjords^  the  Line  of 
Sifiesy  the  Line  of  Tangent s^  and  the  Line  of 
Secants. 

The  Line  of  tines  is  no  more  than  a  Line 
4>{  Eqital  Parts  divided  into  100  or  looo  Equal 
Parts,  according  as  the  SeSor  will  hear  it 

Hiefe  Lines  are  drawn  from  th^  Center  on 
each  Leg»  and  are  numbred  with  the  Figures 
I,  2,  3,  Cfc.  on  each  Leg  to  10,  which  is  near 
the  End  of  the  Leg.  Thefe  Lines  are  noted  by 
the  Letter  L* 

And  here  note,  tluit  this  i  may  be  taken  £br 
to^  or  for  100^  looo,'  ^V.  as  Occaiion  re* 
Guires,  and  then  2  will  iignifie  20,  200,  200O9 
&c.  and  c<>n(equently  that  10  at  the  End  of 
each  Leg  will  be  ioo,  looo,  loooo,  &c. 

The  Line  of  (3>ards  is  a  Line  divided  after 
Ae  ufiial  manner  of  the  Line  of  Chords^  from 
a  Grck  whofe  Radim  is  nearly  the  Lei^^h  of 
cue  of  the  Legs ;  this  Line  is  plac'd  upoa 
ndi  Leg  of  the  SeSor^  beginning  at  the  Cen- 
ter and  running  toward  the  End  uiereoC  It  is 
numbred  with  io«  20,  f^c.  to  60,  and  to  this 

line  on  each.  L%  is  &t  the  Letter  C 

Z  2  Tiotes 
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Note :  This  line  on  {bmeiSe3drs  rum  to  90 
Degreesi 

The  Line  of  Sines  is  a  Line  of  common  na- 
tural Sines^  divided  ftoift  d  Grde  of  die  fame 
RadifH  that  the  Line  of  Chords  was  ^  theie 
are  alfo  plac'd  on  each  Leg  of  the  SeSor^  and 
numberd  with  the  Figures  10,  20,  30,  (Jc.  to 
90,  at  the  End  of  which  on  each  Leg  is  fefc 
the  Letter  S. 

The  Line  of  Tangents  is  a  Line  of  common 
Tdngents^  divided  ixaoi  a  Grele .  of  Ae  fore* 
mentioned  Raiim  and  is  placed  upon  eadiL^g, 
and  runs  to  45  ^  it  has  tne  Numbers  10,  2a» 
&c.  to  45,  placed  upon  it  with  the  Letter  T 
for  Tangents. 

Befides  this  is  another  fmall  Line  of  Taft- 
gents^  divided  from  a  IW/mt  of  about  2  Inches^ 
and  is  plac'd  upon  each  L^  of  the  SeSor  ^  it 
begins  at  45,  which  ftands  at  the  Length  dF 
the  Kaiius  nom  the  Center  and  runs  to  about 
75  Degrees  or  farther,  having  Hie  Nuniber 
47,  yo,  i!fc.  to  75,  with  the  Letter  Tfet  there- 
to. TheUfe  of  this  Line  (as  hereafter  iball 
be  ihown)  is  to  fupply  the  Defed  in  the  Great 
Line. 

The  Line  of  Secants  is  only  aXine  of  com- 
mon Secants^  divided  from  a  Circle  of  about  2 
Inches  Radius  ^  theie  are  placed  upon  each  L^ 
of  the  SeSor^  b^iming  not  at  the  Cmter  but 
at  2  Indies  diltance  therefirom,  and  runs  to 
7?  Degrees.  To  theft  are  let  the  Numbers 
10,  203  30,  i^c.  to  75,  with  the  Letter  S  at 
the  End  thereof  for  Secants. 

•Theft  are  tlie  principal  Lines  now  par  on 
SeSors^  and  .what  wilt  flipplj  the  Places  oF 

moft 
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moft  of  the  other  Lines,  the  Ufe  of  which  is 
as  fi^ows. 

The  IJfe  of  the  Sector. 

The  Excellency  of  this  Inftrument  above  the 
Common  Scalefii^  that  it  may  be  made  to  an* 
fwer  all  Scales  within  the  greateft  opening  and 
cloieft  (hutting  the  SeQor^  for  by  it  you  may 
divide  a  Line,  not  exceeding  the  DiJtance  be- 
tiareeii  10  and  .10  when  open,  nor  lefs  than  the 
Difiance  between  10  and  10  when  (hut  into 
any  Number  of  E^ual  Parts. 

Alfb  fipom  the  Lmes  of  Chords^  Sines^  Tan* 
gents^  ice.  placed  on  the  Seffor  as  afore  dired- 
cd,  you  have  a  Line  of  Chords^  Sines^  Tan^ 
gents^  8cc.  to  any  Radiuf  betwixt  the  Breadth 
of  the  Seiior  when  fhut,  and  Length  when  o- 
pcnM,  by  which  Contrivance  2,SeSor  is  made 
one  of  the  Ufefulleft  Mathematical  Infiruments 
in  being  •,  As  to  -the  Invoition  and  Contri- 
vance of  this  Inftruntent,  it,  no  doubt,  arofe 
from  a  thorow  Ccmfideration  of  the  4.  Prop,  of 
Euclid's  6th,  which  proves,  That  Similar  Tri- 
angles  have  their  correfoonding  Sides  proporti^ 
end  ^  from  whidi.  Comideration  tlie  Reaibn  of 
all  the  Operations  on  this  Infirunient  will  be 
Evident, 

But  before  we  begin  with  its  Ufe^  'tis  necef 
fary  to  acquaint  the  Artifi^  that  the  Lines  on 
the  SeSor  are  uled  two  forts  of  ways,  (viz. ) 
Laterally  and  PardUelly.  Lateral^  is  when  any 
Length  is  taken  from  the  Center  upon  one  L« 
•pf  the  SeSoT:,  ParaHelfyy  when  you  Extend 
from  one  Leg  to  the  other,  tlut  is,  quite  crofi 
die  SeHor. 
1  .  Z  3   .  Note^, 
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Note  i  The  Inm/l  Parallel  is  the  true  Divi- 
ded Line,  and  therefore  in  aflng  the  Compaffes 
rou  muft  always  fet  them  upon  the  Inlide  Line 
oth  in  Lateral  and  VaraUel  Entrance. 
Secondly  \  The  Lines  plac'd  upon  the  SeSor 
vxm  made^  are  after  a  difierent  way  to  what 
they  formerly  were  \  for  infiead  of  putting  die 
lame  Lines  at  equal  Diftances  ftom  die  Inward 
Edge,  they  now  put  them  at  unequal  Diftances^ 
ib  that  upon  one  Side  of  the  SeSor  one  Leg 
has  the  Line  oi  Chords  Irinermof):,  the  other 
liCg  the  Line  of  Tangents  InnermofI:  \  that  is^ 
the  Innermofi:  Line  of  Chords  and  Tangents  are 
equally  diftant  from  the  Inward  Edge,  and  fb 
are  the  Outermoft  Line  of  Chords  and  Tan* 
gents.  The  Advantage  of  this  Contrivance  is 
this  s  When  you  have  fet  the  SeSor  for  any 
one  Line,  as  the  Line  of  hines^  or  the  Line 
of  Chords^  it  will  ferve  alfo  for  tlw  Line  of 
Sines  and  the  Line  nf  Ta.'tgents^  for  the  Fa- 
raUel  betwixt  10  and  10  upon  the  Line  of 
TJnes^  60  and  60  upon  the  Line  of  Chords;  90 
and  90  upon  the  Line  of  Sines^  and  4;  and  45 
upon  the  Line  oi  Tangents  are  all  Equal.  Hsuos 
the  Reaibn  is  evident  why.  they  now  make 
Chords  run  but  to  60  upon  die  Leg  of  the  &w 
8ory  whereas  they  ufed  to  run  to  90,  but  by 
Pradice  the  Incouvenienqr  is  found  out 

The  ITfb  of  the  Line  of  Lines. 

PROB.  I.  To  Divine  a  Line  into  any  Number 
of  Equal  Parts^/uppofe  9. 

Take  the  Given  Line  betwixt  the  Compi^esy 

jmd  make  it  a  Parallel  betwixt  9  and  9  (whidi 

you  may  call  90  and  90)  then  ihall  the  Pa- 
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' lallei Di&an<;c  of  8  and  8  cut  offSof  thofeEr 
qual  FartSy  alTo  the  Parallel  Diftance  of  7.  ajnd 
^  ^  mark  out  7  of  thofe  Equal  Part$,  and  £q 
\y  taking  the  Parallel  Diftance  of  5  and  j^ 
4  and  4,  3  ^nd  3,  2  and  2,  1  and  i,  you  ma/ 
divide  the  Line  into  9  Equal  Parts.  If  you  ' 
would  divide  a  Line  into  37  Equal  Parts }  take 
the  Line  betwixt  your  Compajfes  and  make  it 
a  Parallel  betwixt  ^7  and  37  on  the  Legs  of 
the  S^^t^r,. then  the  Parallel  Diflance  betwixt 
^6  and  36  will  cut  from  the  faid  Line  3^ 
pf  thoie  PartSy  and  leaves  a  ^  Part  remain- 
ing, and  betwiz^  35  and  3;  ^  alio  34  and  34^ 
&?•  cuts  from  die'  faid  Line  35;^  and  34  or 
iiicli  equal  Parts  as  the  whole  Line  contain5. 
After  the  like  manner  may  any  other  Liixe^ 
not  exceeding  the  Seffors  Length  when  opcnM, 
Be  divided  into  any  Itumfaer  of  Equal  Parts.  J . 

PROB.  7.  To  fncreafe  t)r  Dirnhfi/h  a  IJne  in  a 
given  Proportion  ^  that, is ^  tofini  two  Lines 
in  any Profortij^y  4i  %  to-].  ^ 

Take  the  (Jiven  lL^c  betwixt  your  Cmpajfet 
and  opa;i  the  ^(tor  till  that  Extent  lies  be^ 
tsnifX,  %  ^  %  «n  the  -Line  ,of  Ijncfy  then  if 
you  taice  ^t  Pafallel  Difiauce  betwixt  7  and 

77  '*w..^  i#ie  JcequirM.   .^  ,    ^       ^ 

If  It  were  to  be  Dmtmjhed^  fuppofe  as  7 
to  7,  tfam  audce  the  given  Line  a  Parallel  be- 
twixt 7  and  7,  and  the  Parallel  Extent  betwixt 
%  and  5  is  the  Line  requirM. 

P RO  B-  3.  Two  lines  given^  to  ^d  a  Third  in 
cominud  proportion^  Incr^a^ng  or  V>inttnijbing. 

Take  the  Two  Lines  given,  and  fet  upon 
each  L^  on  the  Line  o(Dnes  from. the  Center^ 
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markin|  the  Points  vrhere  they  fall,  then  if  die 
Proportion  be  Increaiing,  take  the  Ix)ngefl: 
Line  betwixt  your  Compajfes^  and  apply  that 
Extent  Parallel-wife  in  the  terms  of  the  (hoit* 
eft.    The  SeSar  remaining  at  this  Affgle^  tb^ 

.  Parallel  Difbince  betwixt  the  terms  of  the  loo* 
geft,  taken  and  apply'd  to  the  L^  of  the  Suffer 
horn  the  Center,  will  give  the  Length  of  the 

.  third  Proportioi;al  ^  If  it  be  J^imintflufigy  then 
maJce  the  ihorteft  of  the  two  given  lines  a  Pa- 
rallel in  the  terms  of  the  longeft,  then  the  Pa* 
rallel  Diftance  betwixt  the  terms  of  the  Ihort* 
A  appl/d  as  bcfenre,  will  give  the  diird  feo- 
portional',  if  the  Lines  be  i8  and  24,  then  tne 
^urth  Proportional  Increafi^  is  92,  and  the 
fourth  Decreafini  is  13  i. 

PROB.  4-  Three  Unesgwen^  to  find  a  fourth 
in  froportion,  either  Increajing  or  Dimnifhing^ 

If  it  be  Increaling,  iet  the  two  jhorteft  Lines 
upon  each  Le^  of  the  SeSor^  then  open  it  till 
the  longeft  Line  comes  betwixt  the  terras  of 
the  fhorteft.  The  SeScr  tlms  remaining,  talce 
the  Parallel  Diftanee  betwixt  the  terms  of  the 
Idngeft,  and  ftpplv  that  Extent  to  the' L^  of 
the  Se3or^  it  will  give  yoji  ^e  fourth  Propor* 
tional  Increajing. 

If  it  be  Diminifhing,  lay  the  two  longeft  Lines 
on  the  LffiS  of  the  SeSor  from  the  Center,  and 
make  the  Ihorteft  of  the  three  a  Parallel  in  dbe 
terms  of  the  longeft,  then  the  Parallel  betwixt 
the  terms  of  the  fliorteft,  is  die  foijrth  Propor* 
Uon  Diminifhing* 

RROfr 
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PROB.  J.  To  find  the  Proportion  hetmxt  ttoo 
gwen  lines. 

Make  the  greater  a  Parallel  betwixt  lo  and 
IQ  op  the  Line  of  L/'/vx,  then  take  the  leiTer 
andikrry  it  Parallel  to  the  greater  Line  till 
it  r^  in  like  Points  on  eadi  Leg,  the  Nuoi* 
ber  where  it  refts  13  the  Proportion  to  10, 
IOO5  loocx  C^c.  required. 

So  that  fJom  this  Prob.  if  the  Length  of  on^ 
Line  be  given,  the  Length  of  any  other  line, 
may  be  found  in  fudi  Parts. 

f  ROB.  6.  A^ght  Une^  m  AB,  anyham  £- 
.  tideij  beln^  gjfoen  5  to  find  how  to  divide  any 
other  Line^  ^  B  D,  into  the  iike  Parts. . 

Set  the  Lme  AB  on  both  L^s  of  the  Seffor^ 
-nd  in  the  Points  where  this  Line  reaches,  ajH 

ly  the  Line  BD  to  be  divided  Parallel-wife  5 
-ji^done,  lay  die Divifibns,  Ae,  Af  andAg 
tm  bodi  Legs  of  the  SeSor  firom  tl^  Center, 
dMQ  the  ParaM  Extent  of  thefe  Divifions, 
fl^.;  ee,  ff,  gg,  bemg apply'd to  tfaeLine 
BB9  will  divide  it  into  the  lik«  Ftots,  as  was 
AeLtne  AB. 

» 

Tbe  Vfe  tfthe  Line  ofChm^  Sines,  Taa- 

gents  and  Secants. 

Irbe  Ccjoyenience  of  potting  thde  fi)rt  of 
lines  on  the  Seffor^  Seffor-mifiy  is  of  vaft  Ad- 
jnuifage,  for  hj  dialing  them  after  this  man- 
ner, we  can  have  Lines  of  Chords,  Sines^  Taif 
tents  and  Secants,  to  all  Radiut's  not  exceed' 
fpg  tijfi  5W?fr's  length.    ^ 

For 
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Fox  Example  5  If  ym  irould  hare  the  CborL 
Sine  or  Talent  of  12  Degrees  to  a  fitfd!r/<f  oF 
4ln<^:  Take  the  4 Incbes  betmzt your  G7/«- 
/tfj[^x/and  make  it  a  ParaM  betwixt  60  and 
tfo  on  the  Chords^  thm,  as  I  told  you  l^or^ 
the  Si«^x^  Tangents  and  Li^i^/  are  fet  ||F  tha 
fiime  Riii/iMr  •,  the  5f  ^ii?r  remaining  in  this  Po- 
ittion,  take  the  Parallel  Diftance  betwixt  la 
and  20  on  the  Chords^  is  the  Chord  of  20  De^ 
^r^^x  to  that  RaiifH^  90  and  90  it  the  Chard 
of  30  Degrees  to  t}^  (ame  RadsMs^  See.  Un- 
derftand  the  fame  by  the  Sines  ^ndTa^entjs 
that  is^  Parallel,  betwixt  20  and  zo  op  thejCioe 
of  tines^  is  the  Sine  of  20  Degrees  to  Aat 
Radius,  and  30  and  30  the  S//?^  of  30  D^- 
greesy  &c.         * 

If  you  want  the  0ffirdoi  79  Degrees^  Tsile 
^  Parallel  Dift^nc^e  of  |  the \drr&  prqpc^l^i 

diat  «,  the  CVf'  Pf  35  Pcff'v^^i  ?f4  /«P!^ 
th^  Diftance  tjific*  op  the  -4r^6  rou  Jay  X\ 
down  on,  and  you  have  d^e  Chprap£,J9,l^ 

If  you  wopt  ijb  Tangent  of  70  degrees  jt^ 
this  liljif^i^i^  Fw  muft  ufe  of  tiie  fmall  t4i7f 
of  Tangents  ^  the  great  one  rumiinz  to  45;  Dff 
grees)  thus^  Take  the  Radius  01  ^  Inches, 
and  make  it .  a  Parallel  betwixt  4$  and  4$ 
on  this  fmalL  Line  df  Tangents^  wm  the  IHi- 
jrallel  Extent  of  70  Degrees  on  the  ikid  Xjne 
is  the  Tangent  oija  Degrees  to  jhe  Ttiree-Inc^ 
Radius.  .       ' 

If  the  Secam  of  apy  ilr^&  be  reqnir'd ;  Take 
the^  given  Radius  tnd  make  it  a  Parallel  -be- 
twiit  the  Beginning  of  the  line  of  Secants^ 
t\aX  is  0  jind  o,  to  the  Parafid  Diflance  be- 
twixt 
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twixt  40  and  40i  70  land  70  on  the  (aid  Se- 
cant  Une  will  give  you  the  Secant  of  40  or 
70  Degrees  to  the  Radius.  , 

"Note  :  If  the  Radit^  he  fb  large  that  it  can* 
not  he  made  a  Parallel  betwixt  45;  and  4; 
on  tlie  fmall  Tangents^  then  no  Tangent  of  an 
Arch  above  45?  Degnees  can  be  found,  nor  the 
Secant  of  any  Arch  to  ftich  a  Radius^  becaufe 
?ill  Seiants  exceed  the  Stmi-Diameters  of  the 
Grcle. 

If  the  Reverfe  of  any  of  thefe  Things  be 
requirM  ^  as  it  I  require  the  Ra^t^s  to  which 
9  given  Line  is  the  Cbord^  Sine^  TofMnt  or 
Secant  of  any  Arch^  foppofe  of  90  Degrees^ 
tlien  'tis  but  making  that  Line  (if  it  be  a 
Chtnri)  a  Paraflel  on  the  Line  of  Chords  be- 
twixt 30  and  30,  then  the  Parallel  Diftancc 
betwixt  6q  and  60  is  the  Radi^»  Underftand 
Ae  lUcc  if  it  be  Sine^  Tangent  or  Secant. 

Thus  jou  fie  'tis  very  eafie  to  find  the 
Chcrd^  Stne  or  Tangent  to  any  Radh^^  which 
js  the  great  Advantage  of  this  Inftrument^  and 
is  of  great  Ufe  not  only  in  Delineating  and 
Vrojeaing  on  Paper,  but  alio  on  the  Ground  in 
laying  out  any  Parcel  in  any  Form  or  Shape. 

To  open  the  StEton  to  anv  Angle^  or  the  Scftor 
mng  (fen'd^  40  fini  the  ^antity  of  the 
Aifgle  It  is  opend  at. 

Suppofi.I  woiild  open  the  Lines  6i  Chords  on 
Ae  oeQor  to  .any  Angle  of  40  Degrees.  From 
the  Center  of  the  SeSor  take  tlie  Chord  of  40 
Vegrees^  and  make  it  ar  Parallel  betwixt  60 
and  60  on  the  Line  of  Cfyords  fit  to  an  Angle 
jf)f  40  Degrees^  but  alfo  the  Line  of  Lines^ 

Line 
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•  Line  of  Siws  and  Line  of  Tangents^  they  all 
Equi-diftant  from  the  luward  Edges  of  the 
Seizor. 

If  you  would  opm  the  two  Inwaird  Lioes, 
luppofe  Chords  ana  Tangents^  or  Sines^  and 
hines  *,  'tis  done  by  Qiakiiig  the  Lateral  Chord 
of  40  Degrees  (or  any  other)  a  Parallel  be- 
twixt 60  and  45  on  one  Side  of  the  SeOar^ 
or  elfe  betwixt  ^o  and  10  on  the  other  Side^ 
and  it  Tets  tho{e  Inner  Lines  to  the  Mgle  of 
.40  Degrees. 

If  you  would  open  the  very  Edges  to  a 

fiven  Angfe^  fhut  the  SeSor  cbfe,  take  the 
araHel  Extent  betwixt  the  Innermofl  Chords 
and  Tangents^  and  apply  that  Extejlt  iMter 
ratty  on  the  Chords  from  the  Center,  it  Ihews 
you  the  Aftgle  thofe  Lines  make  when  the  Seffatt 
is  Ihut,  which  fuppole  6,  then  'tis  Evidertt  if  I 
would  open  the  Sf3or\  Edges  to  an  Affg/e  of 
40  Degrees^  I  muft  open  the  Inward  Lines  to 
an  A/7g/e  of  46  Degrees^  for  then  will  the 
Senior's  Edges  Hand  at  an  A^/e  of  40  De- 
grees. To  open  the  Line  of  Lmes  to  a  J^gbt 
Angle^  take  the  Line  of  10  Parts  and  make  it 
a  faraUel  betwixt  8  and  .6  of  the  fame,  or 
the  Line  of  Sines  is  open'd  to  a  ^ight  Angle^ 
if  the  Sine  of  45  Degrees  be  apply 'd  over  in  the 
Sines  of  30  Degrees. 

To  find  the  Angle  the  Se£k(Mr  is  opend  to. 

.  Take  the  Parallel  Diftance  between  xYy^  Chord 
of  60,  and  apply  diat  Extent  Ltf/^rtfffj»  from  the 
Center  on  the  Chords^  the  Degrees  it  reaches  to 
is  the  A/jgle  thofe  Line  are  open'd.to  ^  for  with 
tf  Senior  of  2  or  3  feet  tvbefi  operfy  m  canfur^ 

ntJJ) 
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nj/h  dur  fehes  tviih  Scales  of  aUforts^  cM  fit- 
ting for  any  furpofe  or  Defign  vohatfdever. 


^i^ 


The  Defcripfion  and  Uft  of  tbt  Common  . 
Sea-Q^uajdraKt.  I 

THIS  Inftrument  was  firft  Invented  by 
Capt.  D4W,  an  Englifh-man^  and  is  the 
moft  Convenient  and  G)mmodious  Inftrument 
nfed  at  Sea^  for  obferving  the  Sun\  Meridian 
JMutuie.  ,     ^  ' 

The  Yorm  is  looner  leen  in  an  Inftrument'^ 
maker's  Shop  than  here  defcrib'd  •,  however,  the. 
Omponent  tarts  are  Two  Arches^  Three  ftrait 
Vieces  and  Three  Vanes^  they  are  now  com- 
monly made  abont  26  Inches  long. 

One  Arch  is  called  the  60th  Arch^  bccaufe 
formerly  it  contained  but  5o  Degrees^  tho'  now 
it  is  made  to  contain  6^  Degrees.  This  Arch  is 
birt  of  fmall  Riftfi/Kf,  being  fi>  defign'd)  that  the 
^)ade  coming  from  the  Vane  ulecTon  this  Arth 
might  appear  very  plain  onthe/f^r/^mFj^^^  to' 
the  Eye  ortheObicrver  ^  t\isArch  is  divided  in- 
to no  lefs  than  Whole  Degrees^  and  is  numbred 
with  •  the  figures  5,  10/  ly,  20,  25,  &c.  In-^ 
creaiing  ^  5  to  65;,  which  5;  ftands  juft  upoit 
the  long  flraight  Pr^r^.  '- 

Tlie  Great  Arch  is  called  the  90/^  Arch^  tfao' 
now  it  contains  but  9  5  Degrees^  viz.  die  Qnih 
plement  ol  6^\  It's  of  a  hrge  ^iius  that  ic 
mi^t  contain  the  Suk-divifions  of  a  Degree] 
This  Arch  is  fb  broad,  that  it  hatli  10  Concen* 
trick  Grcies  defcribed  upon  it,  wliich  Grdee 

are' 
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are  Interfered  by  Three  Diagjmal  JJncs^  hy 
means  of  which  each  Degree  is  aduallj  divi- 
ded into  2  Minutesy  the  outer  Limb  of  this 
Arcb  is  adnaHy  divided  into  every  lo  Minutes 
by  /t?;^  Strokes^  and  are  numbred  with  the 
figures  5,  lo,  ly,  20,  25:,  Cr.  whidi  fiands 
on  the  long  ffaraigl^  Piece. 

One  of  the  Three  Vaues  is  called  the  Horizon 
Vaue^  becaufe  it  refpeds  the  Horizon  in  time 
of  obferving  ^  this  is  fixt  upon  the  End  of  the 
lo:^  ftraight  ?itce.  The  Vme  whidi  gives  the 
Shadow  is  called  the  Shade  VanCj  and  is  placed 
on  the.  Soth  Archy  and  the  Angle  thro'  vAixh, 
you  hok  is  called  the  Sight  Vane^  and  its  Place 
is  upon  the  3o^^ilrr^,fbmetime8  theSbaleVdne 
has  a  Giafs  in  it,  that  Ob&rvations  might  bd 
taken  jin  Hazy  Weather. 

The  vie  of  this  Infimment  is  to  take  the 
Sun^s  Meridian  Altitude^  whidi  is  done  thus  ^ 
The  Vanes  being  put  on  in  their  proper  Places, 
viz.  the  Sight  Vane.on  the  ^otb  Arch^  tl» Shade 
Vane  en  the  6otb  Arch^  and  the  Horizon  Vane 
on  the  End  of  the  long  ftraight  Piece  ^  fet  ^ 
^per  Edge  of  the  Shaae  Vane  to  a  Number  of 
Degrees  lefi  than  1%  or  20  than  you  judge  die 
Complement  of  the  Latitude  to  be :  This  done^ 
tum  your  Back  to'  the  Sun^  and  taking  die 
^dnmf  in  your  Hand,  look  thro'  the  Sight 
VanCy  and  caufe  the  upper  Edge  of  the 
Shade  Vane  to  fait  on  me  u^^  Edge  of 
the  Slif  in  Ae  H&rizon  Vane,,  it  then  at  tbe 
&me  time  the  Horizon  appears  thro'  the  Slit 
in  ihtr  Horizon  Vane^  the  Vnnes  on  rdie  ^adratte 
fland  at  the  Coff^ement  of  the  preCent  Altitude 
^the  Sun^  but  if  the  5>^  appear  infind  of  tl^ 

Horizon^ 
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Horizon^  {ii6t  the  Sighi  Vane  a  little  higher^ 
but  if  the  Sea  appears,  then  bring  the  Vahe 
lower,  thus  muft  you  do  till  thro'  the  Horizon 
Vane  the  Horizon  appears.  This  done,  fee  what 
the  Vanes  cut  upon  their  Arches  5  (iippofe  the 
Inilde  ol^  the  $igbr  Vane  cuts  lo  Degreesy  amj 
the  upper  Edge  of  the  Shade  Vane  cuts  th6  "Kum* 
her  42  D^rees^  thefe  added  together  give  52 
Degrees  J  the  Complement  of  the  Sun"^  Almude\ 
£>r  this  Inftrument  always  takes  i^izComple- 
flement^  and  not  the  Altitude^  that  is,  his  Ze^ 
^//]&  Difiaoce. 

.  Note  Ttrfi  :  When  yoji  would  obtain  the 
^ri4i«r  (which  is  always  the  greateft^  il/r/- 
tnie  the  Sun  will  have  that  Day,  begin  to  ob^ 
ierve  a  little  before  Noon, '  atod  continue  obfer- 
ying,  as  the  Sun  rifes  the  Sea  will  appear  thrc^ 
the  Horizofi  Vane^  fb  the.  Sight^  Vane  muft  be 
ilid  lower. 

;  Secondly:  Whai  the  $m  be^ns  to  iatl  the 
Skf  will  appear  thro*  the  tionzon^  inftead  of 
the  Horizon^  upon  which  leave  oblerving  that 

HaviQg>  fi)Und  the  Co-Ahifude^  or  Z^//^ 
l>iiiance  as  before  directed,  the  Althude  is  got 
by  taking  it  from.  96,  from  whidi  Altitude 
y^exi  muft  tdce  16  Minutes^  (becaufe  the  uppet 
jEklge  of  the  Sun  ihows  the  Shade,  and  that  h 
diirant  ^m  the  Suns  Gutter  1 6  Minutes) theA 
there  will  remain  the  Suns  Meri<Ban  Altitudk 
euough  for  finding  the  Latitueat  SM.     ^ 


-\    . 
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Tie  Defcription  andUftoftht  Fo  r  E  s  T  A  Fi% 
lyjomt  called  the  Crofs-Staffl 

TH  IS  Inftrtiment  is  fo  calkd  ftom  the  P^ 
fiture  of  the  Objerver  in  ufing  it,  wh6fe 
Face  is  generally  towards  the  thing  oblervcd ; 
%fat  for  the  Sun  'tis  contrived  to  be  uied  back-' 
ward,  for  the  preferving  the  Eyes  of  the  Ob^ 
fef^ver.  It's  called  a  Cfofs-Staff  ftoxa  its  Fcnm, 
oeing  a  Square  Staff  with  3  or  4  Pieces  a-crcrfs 
\t\  this  Staff  k  commonly  2  Feet  i  or  3  Feet 
]oQg»  add  I  of  an  Inch  Square^  having  4  Side?,' 
^id  each  of  them  a  DiftinQ  Crojs^  but  gene- 
rally they  make  the  fhorteft  Crofs  ferve  two 
Sides  of  the  St(ff^  that  is,  the  Breadth  is  the 
10  Crofs  and  the  liength  the  30  Qrofs. 

The  1$/^  being  Square  there  are  4  Sides  \  One 
is  called  the  10  Side^  becaufe  the  Gmdationa 
\x!^  at  3,  Decrees  of  A/thude.  and  end  at  10 
D^^r^^/increafing  by  10  Minutes^  to  thi? 
Side  beloi^gs  the  leafl:  Crofs.  The  next  is  the 
Second  Side^  where  the  Divifions  begin  at  10 
Degrees  and  end  at  30  Degree f,,  to  this  Side 
belongs  the  Second  Crofs  ^  the  Sixty  Side  where 
the  Divifions  begin  at  2o  Degrees  and  end  at 
60^  to  which  Side  belongs  the  !next  biggeft  or 
Sixty  Crofs.  LafUv  the  Ninetj^  Side^  where  the 
Degrees  of  Altitude  begin  at  30  Degrees  and 
end  at  9.0  ^,  to  this  Side  belongs  the  bi^eft  or 
Kmety  Crofs.  At  the  End  of  thefe  DrnfioDs 
is  writ  die  Word  Ut.  for  Altitude^  and  gene* 
rally  under  the  Altitudes  ztc  fet  the  CoMlt^ 
fients^  and  the  Word  Com.  writ  thereto.  If  the 
Divifions  of  the  Staff  be  true  and  tlie  Length 
of  the  Ocffes  right,  there  will  be  this  Agree- 
ment 
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ment  betwiit  them  •,  Half  the  lo  Crofs  being 
laid  on  the  Ten  SidCy  will  reach  from  i  o  De- 
grees^  to  9  Degrees  1 2  Minures^  and  the  whole 
from  10  degrees  to  8  Degrees  31  Minutes.  Se- 
condly i  Half  the  Thirty  Crofs  laid  on  the  Tlvrty 
Side^  will  reach  from  30  Degrees  to  23  Degrees 
52  Minute Sy  and  the  whole  from  30  Degrees  to 
19  Degrees  47  Minutes.  Tl)ird/y  ^  Half  the  60 
Cr^  laid  on  the  Side  proper,  will  reach  from 
60 'Degrees  to  40  Degrees  13  Minutes,  and  the 
whole  from  60  Degrees  to  30  Degrees,  l^iftly^ 
Half  the  A'if^^/K  Cr^jr  meafur'd  on  the  K'lneiy 
^ide  will  reach  from  90  Degrees  to  5  3  Degrees  7 
Minutes^  and  the  whole  from  90  Degrees  to  36 
Degrees  5  2  Mirtutes. 

.The  l^  of  this  Inftrument  is  to  find  the  J/- 
///i;^^  or  the  S/if/7  or  Stars^  which  may  be  done 
both  by  a  fore  and  back  Obfervation  5  it 
alio  finds  the  Diftance  of  two  Stars. 

The  Cr(0es  are  u(ed  but  One  at  a  time,  ac- 
cording as  the  Altitude  is.  If  the  Altitude  be  ' 
lefs  than  10  Degrees^  ijfe  the  leaft  Crofs  and  its 
proper  Side  ^  if  above  10  Degrees,  and  under 
30  Degrees^  ufe  the  T??/;*/)'  O'^x  and  5*/(/<?  pro- 
per to  it :  So  if  it  be  above  30  and  under  60 
Degrees,  ufe  the  60  Crofs  and  Side  belonging  ^ 
if  above  60  Degrees,  u(e  the  biggeft  Crofs  and 
5ii?,  but  the  laft  is  not  fb  exadt  as  other  In- 
firuments. 

To  ufe  this  Inftrument  you  muft  firfl:  ConfT- 
der,  that  is,  guefs  at  the  Sun^s  A/titude^  and 
then  ufe  the  Crofs  and  Side  proper  thereto  j 
thus,  put  the  flat  Side  of  tlie  Crofs  toward  you^ 
then  taking  the  5rjj^in  your  Hand,  place  the 
fiat  End,  that  is,  the  End  of  the  Staff  where 
the  Divifions  end,  to  the  Corner  of  your  Eye 

[A  a]  and. 
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and  there  hold  it  fteady,  fiidiiig  the  O-qfs 
backward  and  forward  till  you  fee  the  Center  of 
the  Sun  or  Star  by  the  upper  End  of  the  Crqfsy 
and  the  Horizon  by  the  lower  End,  then  fiie 
Degree  and  Minute  cut  by  the  Inner  Edge  of 
the  Crofsj  upon  tlie  Side  peculiar  to  the  O^, 
you  ulCj  is  the  Altitude. 

Note ;  *Twill  be  difficult  to  cut  eiaflly  the 
Center  of  tlie  Sun^  unlels  in  Hazy  Weather  ^  or 
tliat  you  break  his  Rays  by  a  Cofur'i  Glafs  fiit 
QTi  the  Top  of  the  Crofs  to  defend  the  Eye  from 
the  Sun\  Yorce :  But  you  may  obferve  the  up- 
per Liinb  of  the  Sun^  and  then  muft  take  i6 
Minutes  from  the  Altitude  fb  found :  Or  you 
m^j  take  the  Sun\  lower  Limb,  and  ada  i6 
Minutes  to  the  Altitude  found. 

To  ohferve  the  Difiance  tf  two  Stars,  Place 
the  Staff  to  your  Eye^  as  before  diredledj  look 
to  lo:h  Ends  of  your  Cyqfsy  moving  it  farther 
or  nearer  till  you  fee  one  Star  at  one  End  of 
the  Cro/s  and  the  other  at  the  other,  the  De- 
grees and  Minutes  cut  by  the  Cyofs  (as  afore- 
faid  )  is  the  true  DiRsaxCef ought. 

To  ufe  this  Inftrument  for  a  Back  Ohfervatibny 
which  is  chiefly  for  the  Sun.  Ti»  made  jit  for  the 
Turppfe  thus  ^  There  is  a  Piece  oiWood  or  loorf 
put  a-croft  the  TenCrofs^  io  that  the  lower  End 
of  this  Piece  oiWood  or  Ivory  lies  even  with  the 
middle  of  the  Square  Hole  in  tlie  Xf/r  Crofs^ 
which  alfo  anfwers  tp  the  middle  bf  the  5/^'s 
Tliicknefi.  There  is  alfo.a  Piece  of  Brafs  xvith 
a  Slit  in  it,  fo  fitted  that  it  will  flide  off  and 
on  the  Ends  of  the  Crojfes.  This  done,  confi- 
der  the  Altitude  you  are  going  to  take,  and  ac- 
cordingly ufe  the  Crofs  proper  for  it,  putting 
it  on  the*5r^,  the  flat  Side  cf  it  even  vaith  the 

flat 
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flat  End  of  the  Staffs  where  skrew  it  faft,  and  at 
one  End  of  the  Crefs  put  on  the  forementioned 
Kece  oiBrafsj  fb  as  to  leave  a  Slit  at  the  lower 
End  of  the  (yofs  ^  then  put  the  Ten  Oofs  (with 
the  Piece  a-crofs  it  j  on  the  Staffs  the  tiat  Side 
of  it  towards  the  other  Crofs  ^  Tliis  done,  turn 
yaOr  Back  tp  the  Sun^  and  look  thro'  tne  Slit 
at  the  lower  End  of  t!w  O^,  till  the  Horizon 
lies  even .  with  the  Shade  on  the  Crofs-?iece 
in  the  Ten  Crofs^  at  which  time  the  Shade  of 
the  unper  End  of  the  Crofs  muft  fall  on  the 
Middle  Line  in  the  Ten  Crofs.  If  inftead  of 
tfie  Horizon  you  fee  the  Water ^  draw  the  Ten 
Crofs  nearer  \  but  if  you  fte  the  Sky^  you  muft 
put  it  further  from  you^  till  at  laft  you  make 
the  Horizon  znd  Shadow  meet,  (b  the  Place 
where  the.Xf/f  Crofs  now  refts,  an  that  Side  of 
the5/i#  belonging  totheO^jp  fixt  at  the  End, 
in  which  is  the  Brafs  Sight,  is  the  Altitude  or  * 
Complement  as  before3  in  a  Forward  Obfervation* 


The  Defcription  and  Ufe  of  the  Nocturnal. 

ft 

ON  the  Fore-fide  of  the  oreat  Piece  of  this 
Inftrument  are  Two  Circles^  the  inner- 
jnolfi:  is  divided  into  twice  12,  to  repref^ 
the  Hours  in  zNatural  Day  5  the  ontermoft  is  a 
Orck  of  Time  J  and  contains  the  Days  in  each 
Month  and  the  Months  in  the  Tfor^  each  Divi- 
fion  being  2  Days.  The  next  Piece  contains 
.Two  Circles '^  the  innermoft  is  divided  into  29 
equal  Parts  to  (how  tlie  Age  of  the  Moofi^  tlie 
ou^moft  coitfains  twice  22,.  for  the  Hours  in 
a  Natural  Day. 

[A  a  2]  Th« 
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The  Nature  of  this  In^rument  is  only  to  find 
the  Right  A(cenJion  of  a  Star^  which  it  evident- 
ly doth,  it  you  confider  the  Fole  is  the  Center 
of  the  Diurnal  Motion^  and  the  Index  of  the 
Inftrument  a  Meridian  paifing  thro'  the  ¥ole 
and  Two  Tointersy  and  confequently  cuts  the 
Equator  at  Right  Angles. 

Upon  the  Middle  Piece  is  a  T(^h  that  comes 
out,  and  has  the  Letters  G  B  for  the  Great 
Bear^  againft  which  is  the  Number  12,  this 
Tooth  fet  to  the  Day  of  the  Month^  and  the  Ko- 
Qurnal  held  up  Perpendicular  before  you,  till 
thro'  the  Hole  you  lee  the  Pole-Star^ .  and  by 
.  the  Index  the  Pointers,  then  will  the  Index  ftand 
at  the  Hour  of  the  Nfght,  which  is  only  the 
Difference  betwixt  the  Right  Afcenjion  of  the 
Sun^  and  the  Right  Afcenfwn  of  the  Pointers. 

The  Right  Afcenjion  of  the  Sun  changes  every 
•Day  about  a  Degree^  T)Ut  the  Right  Afcenfion 
of  any  fixt  Star  is  the  lame  injenfibly  for  fome 
Years, 


The  Defcription  4»d  Ujk  oj  the  Common  Four 
Foot  Gauging-Rod,  in  Gauging  of 
Casks  an  J  other  f^ejfels. 

FROM  the  End  not  BevelTd,  on  one  Side  is 
a  Line*  of  Inches^  running  from  1  to  48, 
each  Inch  being  divided  into  Tenths  \  adjoining 
to  this  is  another  Line  whfch  gives  the  Area 
of  any  Circle  in  Ale-GaUons^  and  Hundredth 
Part  of  a  Gallon  upon  one  Inch  deep,  having 
\he  Diameter  in  Inches  and  Tenths  of  an  Inch  ^ 
on  this  Line  is  writ  Area  in  AJe-GaUons,  and 
h  called  Oughtred's  Line,  "    - 

•  —  ^ .  Upon 
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Upon  another  Side  of  the  Rule  are  Two  Dia* 
gonals^  one  for  Ale  and  another  for  Wine  Gal- 
ions^  by  which  is  Ihewn  the  Number  of  Aie 
or  Wine  Gallons  any  Cask  contams.  The  Me- 
thod is  thus  -,  Put  the  Bevell'd  End  of  the  Rule 
in  at  the  Bung-holey  and  run  it  down  to  the 
Head  Diagonal-voife^  then  the  Number  on  ei- 
tiier  of  diefe  Lines  againft  the  Middle  of  the 
BMng^  is  the  Content  of  the  Cask  eithei:  in  Ale 
or  Wine  Gallons. 

Note :  Tou  muft  take  care  that  the  Bung-^ 
hole  be  in  the  Middle  of  the  Cask,  and  that 
the  Rule  be  put  to  the  Middle  of  the  Bung-ho/e. 

This  Line  will  lerve  very  well  for  a  C^k  of 
30  or  ±0  Gallons,  and  indifferent  well  for  a 
Cask  or  150  Gallons. 

On  a  Third  Side  are  Three  Lines,  beginning 
at  the  Bevel  End  with  i,  2,  3, 4^  &c.  and  run- 
ning halfway  the  Rule  5^  the  firft  of  them  run- 
ning to  9,  and  has  firkins  writ  upon  it  -,  the 
fecond  lus  the  Word  Kilderkin  writ  upon  it,  . 
and  runs  to  18  ^  the  third  runs  to  36,  and  has 
the  Word  Barrel  upon  it.  \ 

Tbefe  Lines  are  term'd  lUkge  Lines,  and 
their  Ufe  is  to  find  what  a  Cask  has  in  it  when 
it  lis  not  fiiU  ^  thus.  Put  the  Bevel  End  down 
into  the  Bung-bole  to  the  oppofite  Stave  of  the 
Cask,  and  fb  far  as  the  Rule  is  wet,  on  the 
proper  Line  for  the  Vefle|,  fo  many  Gallons  is 
in  tne  VefTel. » 

Or  the  Nundber  from  the  Iniide  of  the  Bu^- 
hole  to  the  Surface  of  the  Liquor,  (hews  how 
many  Gallons  will  fill  the  Veliel. 

Upon  the  fame  Flat  on  the  other  Half  •f 

•  the  fU^  arc  Two  Lines,  the  one  is  Number Sy  the 

other  is  Segments  \  they  both  bqgi»  together 

[A  a  3  ]  with 
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with  the  Number  100  juft  at  the  middle  Joint? 
and  run  to  the  blunt  End  of  the  ^tdt  where 
the  Words  Numbers  and  Segments  are  writ  to 
them* 

Their  Ufe  is  to  find  the  remaining  Quantity 
in  any  Cask  whole  Axis  lies  parallel  to  the  Ua- 
fizon^  and  this  is  done^  not  only  more  exad 
than  by  the  Ullage  lines ^  which  ferve  only  for 
a  Firkin^  Kilderkin  or  Barrelj  but  alio  for  all 
Ibrts  of  Casks  ^  the  Method  is  thus. 

Firji  find  the  Content  of  the  whole  Cask^  which 
may  be  done  near  enough  by  the  Diagonal  Line  ^ 
then  find  how  many  Inches  are  wet  of  the  Bu^ 
Diameter^  as  alfo  the  Length  of  the  Bung  Dia- 
meter it  felf,  by  putting  the  Rule  Perpendicu- 
lar in  at  the  Bunghole. 

Then  the  Extent  oft  the  Line  of  Numbers^ 
from  the  Bung  Diameter  to  the  Inches  wet,  w31 
readi)  being  laid  die  lame  way  on  the  line  of 
'  Segment Sf  from  100  to  a  fourth  Number^  which 
.  remember  5  Next  the  Extent  on  the  Line  of 
Numbers  from  100  to  the  Veflel^s  whole  Cw- 
tent  in  ttTine  or  A/e  Gallons  will  readi,  laid  the 
iame  way  on  the  Line  of  Numbers^  from  the 
Number  remembered  to  the  Gallons  in  it,  or 
elfe  wanting  to  fill  the  Cask* 

Ex  AMP.  The  Content  cf  aCask  is  37  Gd- 
lons^  the  Inches  voet  are  17,  the  whole  Diameter 
2;,  how  many  Gallons  voiUfiH  the  Cask  ? 

Anfw.  9  Gallons  7  Tenths. 

Upon  the  Fourth  Side  of  the  Rule  are  Three 
Lines,  beginning  at  the  Bevel  End  with  ;^  and 
runs  towards  the  odier  End  ^  the  firft  goes  bet^ 
ttir  than  halfway,  and  has  the  Word  Hogfhead 
writ  upon  it  ^  the  fecond  runs  almoft  \  ixt ' 
Lengths  and  has  the  Word  ^Butt  lying  writ 

upon 
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upon  it^  and  the  third  runs  near  to  tfae*otfaer 
find  and  has  the  Words  Buts  Standing  writ  upon 
it  %  thefe  alio  are  Ullage  Lines  for  thefe  Casks 
io  poftted,  and  their  Ufe  is  to  find  what  a 
Ca^  has  in  it  when  'tis  but  partly  full.  The 
manner  is  thus  v  When  the  Hqflhead  or  Bun  is 
lying,  put  the  BevelFd  End  ot  the  Rule  dovn^  < 
fiefxt  into  the  Bung-hole^  to  the  oppt^te  Stave 
of  the  Cask,  and  fo  far  as  the  Rule  is  wet  on 
the  proper  line  for  the  Veffd/  it  (hows  how 
jnany  Gallons  are  in  the  Veilel. 

Or  the  Clumber  from  the  Iniide  of  the  Bung^ 
bole  to  the  Suriace  of  the  Liquor,  ihews  how 
many  Gallons  will  fill  the  Cask. 

In  Cafe  the  Butt  be  Standing  the  tbtle  muft 
be.put  in  at  the  Heai,  and  £>  far  of  it  as  is 
wet  upon  the  Butt  Standing  Une^  (b  much  is 
the  Number  of  Gallons  in  the  Cask. 

So  alfo  the  Dry  Inches  betwixt  the  Butte's 
Head  and  Surface  of  the  Liouor,  fhews  the 
Gallons  wanting  to  fill  die  Cask. 

Thefe  and  the  fi>rmer  Ul^ge  Lines  are  thus 
put  upon  the  Rule ;  Caufe  any  of  thofe  Casks 
to  be  filled,  and  then  draw  out  the  Liquor 
Gallon  h^  Gallon,  and  fb  mark  the  Rule  as  the 
Liquor  imks  in  die  YefleL 

The  Defiriftim  tmiUft  9/Cogger(halVRulf, 
in  the  MeaJuremetU  of  Board  aMd  Timber. 

THE  Principal  Ccmtrivance  of  this  Ruk 
is  for  the  fraSical  Meafut^ng  of  Tmber^ 
which  it  doth  the  beft  of  all  others.  It  con- 
£0s  of  Two  Pieces  of  a  Foot  long,  fliding 
one  by  another  like  a  Glazier's  Rule.  On  caA 
Flat-  of  tiie  Rkle  are  Four  Lines,  Two  next 

[A  a  4]  the 
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the  Outer  Edges,  and  Two  next  the  Inner  \ 
thofe  on  one  Flat  ;iext  the  Outer  Edges  are 
Tints  of  Inches  divided  into  Halves  and  Quar- 
ters; they  are  Figured  from  i  to  12  on  one 
Piece,  and  from  1 2  to  24  on  the  other. 

Thofe  next  the  Inward  Edges  of  the  fame 
Side  are  Unfs  oi  Numbers  in  two  Lengths  both 
alike :  They  are  Figured  from  i  at  the  Begin- 
ning to  I  in  the  Middle,  and  then  from  i  in 
the  Middle  to  10  at  the  End. 

On  t'other  flat  Sidcj  the  Lines  next  the  Outer 
Edges  are  Liries  of  Meafure^  one  being  a  Unc 
of  Inches^  divided,  into  10  ecfual  Parts  for 
Gauging  J  the  other  a  Foot  divided  into  100 
equal  Parts,  called  the  Line  of  Yoot-Meafure. 

On  one  of  the  Inward  Edges  of  this  Flat  is 
a  Line  of  Numbers^  Numbered  and  Figur'd  as 
before  defcribed. 

On  the  other  Inward  Edge  is  a  Line  called 
the  Square  or  Glrt-Line^  Figured  from  the  Be- 
ginning with  4?  5>  ^5  7»  8,  9, 10,  20,  30,  and 
40  wliich  ftands  at  the  End  ;  this  is  a  Line 
of  Numbers  at  a  double  Radh/s. 
•*  firji  5  T^  Meafure  Boards  Gla/s^  8c;c.    A  Piece 

of  Board  is  i  i.  Foot  broad^  24  i  ior^y  Whafs 

the  Content  in  Square  Feet  ? 

Set  I  to  1  *,  the  Breadth  on  th^JJne  ofNtm- 
hers^  then  againft  24  i  Feet  is  ?o  i  Feet,  the 
Content  near. 

More  Examples.         iw  im^b,  frnt 
Length  37  i  Feet,  Breadth  \  Foot  ^'»/w'-9    4    6 

— 16  i  Feet, 3  iFeet    %6  10     6 

'  ^6o|Feet, 2iFeet  136     8.3 

.15  J: Feet,  SiFeet   131     9.0 

■-* 29  Feet,    7  \  Feet'  2 10     3     o 

— ' 3SiFeet,  — y^Feet  343     8     3 

■        .-  Next 
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Next  for  Painting^P/aj/ierhigyPavi^  and  Wain- 
fcotting^  which  is  Mealured  by  the'  Square  Xard. 

Ji  Piece  of  Pavings  h  22%  feet  long^  mi  14  feet 
broody  bow  many  Square  Tards  is  the  Content  ? 

Set  9  to  14  on  the  Une  of  Numbers^  then 
againft  22  i  is  35  Square  Tards^  the  Content, 

More' Examples.  Tards,  ^ 

Length  34  J  Feet,  Breadth  13  i  Feet  i<v>.  5:2  4 

. iJiFeet, iicFeet  iji 

. ijJFeet, 9 i  Feet  20 

— : 5f2iFeet, r--2oiFect  119 

36iFept, •  30  Feet  122 

' 27  \  Feet,  24  i  Feet  76 

T<:^  Meajure  Square  Timber.  A  Piece  of  Timber 
is  I  foot  2  Inches  Square^  and  20  feet  long^ 
vihat^s  the  Cont^t  ? 

Note:  Inflead  of  i  Foot  2  Indies,  take  14 
Inches. 

Set  1 2  on  the  Girt-Une^  to  20  the  Length  of 
the  Piece  on  the  Une  of  Ifumbersy  thea  right 
againft  the  Side  of  the  Square^  or  ^  of  the  Girt 
being  14  reckoned  in  Indies  (which  muft  al- 
ways be  dcme)  on  the  Girt-Line^  is  27  Feet, 
the  p)ntent  required. 

Note :  If  tile  Piece  be  not  Square,  but  broader 
than  'tis  thick,  you  may  reduce  it  near  to  2 
Square,  by  adding  the  Breadth  and  Thidmefs 
together,  and  taking  half  the  Sum. 

To  Meafure  roundTimbe;\    Girt  the  Tree  in  the    ^ 

Middle,  and  take  k  of  that  Girt  for  theSideof  C^  ^"'"^ 
the  Square. 

Jben  fuppqfe  the.  Girt  of  a  Tree  be  ^4  Inches^ 
and  the  Ungth  30  feet^  wbaf[s  the  'Content  ? 

Then 
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Then  as  before  :  Set  12  on  the  Girt-Vfie^  to 
30  Feet  the  Lengthy  then  againft  16,  the  i^. of  the 
Girt.  PS  $^i  feet  the  Content. 

It  the  Tree  be  much  tapering^  take  the  Side 
of  the  Square^  ot  ^ci  the  G/r/,  about  |  from 
the  greater  End- 

If  you  have  Wain^  Timber^  that  is^  fuch  as  is 
neither  round  nor  fquare,  tajce  one  Wiun  in  and 
.  leave  the  other  out. 

More  Examples.  fnt  ?ms. 

r  10  In- Length  40  i  Feet  ^n/».  28  i 

^  of  the  Girt,    \  \  ;?•  IZ.  I?;  ilf       i\  \ 

*k  cv.  I  20  In.  -—  48  Feet         130  1 

^^SiHore.        ^iin.— 364Feet  154 

t^oln.  24  lyo 

Thefe  Dimenfions  are  affuaiOy  caft  up  by  a  Rule, 
and  therefore  a  fmaU  Err  our  muft  not  be  heeded. 


TkeDeJeription  and  Ufe  ir//<rr  Equikoctivl, 
townunfly  caSed  the  Ring*Dial. 

J^f^T^  HIS  Dial  confifts  of  Five  Pieces,  viz. 
X  Two  Rings  or  Circles^  One  Bridge  or 
Viece  going  cro6  the  Outermofi  Ringy  and  Two 
Sfidii^  Bits  ofBrafs  that  move  in  the  OroaoeSy 
one  on  die  Ouurmoft  Ring^  the  other  on  die 
Bridge  or  Crofs  Piece. 

The  Outermt^  Ring  reprefents  the  Meridian 
of  the  Place  where-ever  you  are,  having  on  one 
Side  grav'd  twice  90  Degrees^  with  N  and  S 
for  North  and  South  Latitude -^  oh  the  other  Side 
is  a  Line  of  Attitudes^  beginning  at  i  and  end- 
ing at  90  Degrees.  Upon  this  Ringy  in  a  Groove 
on  the  outer  Edge,  moves  one  of  the  Sliding 
.      -  Bits 
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&>x,  upon  one  Side  of  wliich  is  a  Une  or  Stroke 
drawn  to  (hew  the  Center  or  Middle  of  thole 
moving  fi/'/x.  In  this  hit  is  a  little  VCing  to  hold 
it  up  by  in  time  of  Ohfervatlon. 

There  is  alfo  in  this  Outer  ^ng  a  Tin-hole  to 
put  a  P/>r  in  when  the  Aftituie  is  obferv'd, 

The  Innermoft  Ring  denotes  the  EquinoSlal^ 
and  i$  to  turn  out  upon  a  Joint  at  K/^g/'r  Angles 
to  the  Meridian^  on  one  Face  is  nothing,  on  tlie 
other  the  24  Hours  of  the  Day  and  A7]f /;/,  num- 
bered by  twice  1 2,  which  is  continued  to  the 
^ge  and  markM  alfb  upon  the  Inner  Rim  of 
the  Orc/e,  each  Hour  is  divided  into  Quarters 
on  Ibme  of  thefe  Dw/r,  upon  others  into  every 
5  Minutes^  according  as  the  Largenefs  is. 

The  Bridge^  or  Crofs  Piece ^  denotes  the  Axis 
o(  the  Worlds  in  the  middle  of  which  is  a  Slit 
cut  quite  llirough  for  a  S/idi/fg  Piece  to  move  in, 
whidi  Sliding  Piece  has  a  fmall  Hole  in  it,  and 
has  a  Line  or  Stroke  on  both  Paces  crofllng  the 
(niddle  of  the  faid  Hole. 

On  (Hie  Itace  of  the  Bridge  is  the  Months  and 
Vays  of  the  Months  on  the  other  face  oppofite 
againft  each  particular  Day^  is  the  Suns  Decli- 
clinatian  ^per  fer  the  Day. 

PROS.  I.  To  find  the  Hour  if  the  Day. 

Turn  out  the  EquinoSial  as  &r  as  it  will  go^ 
for  dm  it  flands  at  tiighi  Angles  to  the  Men- 
diasty  and  fet  the  Streak  in  the  Sliding  Piece  on 
A«  Outer  Eing  tP  the  Latitude .  of  the  Place  ^ 
alfo  th?  Stroke  crolfing  the  little  Hole  in  the 
Qthpr  Sliding  Bit  to  the  D^y  of  the  Month  in  the 
Bridge  5  then  hold  up  the  Dial  by  the  little  Ring 
iti  the  Oi^/^/*  S//i/^^  Bit  and  turn  the  6r/df^^  to- 
witrd  the  Sun^  then  move  the  whole  Dial  tins 
and  that  way,  till  the  Sun  Ihining  through  the 

little 
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little  Hole  iii  the  Bridge  you  fee  the  Spot  of 
Light  to  fall  on  the  middle  of  the  Inlide  of  the 
Equino3ial  among  the  Hours^  fo  the  Hour-Line 
it  falleth  upon  is  the  Hour  of  the  Day.  Note^ 
for  2  or^  3  Days  when  the  Su;2  is  upon  the  Equi- 
nofltal^  that  is,  about  the  loth  of  March  and 
1  tib  of  September^  this  D/W  is  ufelefs. 

PROR  2.  To  find  the  Sun's  Height. 
'  Set  the  Stroke  in  the  Sliding  Bit  wirii  the 
Ring  to  the  Beginning  of  the  Degrees^  that  is, 
to  00  Degrees,  betwixt  N  and  S  on  the  Lati- 
tude Side^  and  put  a  Tin  ftiff  in  the  Hole  oit 
the  Back-fide  ot  the  Ring^  and  the  Shade  of  the 
fin  will  Ihew  the  Altitude  in  the  large  ^teadrant 
on  the  Back-fide  of  the  Meridian. 

PROB.  3.  To  find  the  Sun's  Declination. 

Set  the  Stroak  crpffing  the  Hole  of  the  S/f- 
ding  Bit  in  the  Bridge  to  the  Day  of  the  iWOT/6 
as  before,  and  againfi:  it  on  the  Back-fide  is 
theSjins  Declination. 
.  P  R  OB.  4.  To  find  the  Latitude  cfthe  Place.  . 

Firft  find  the  Sun's  MeriSan^  or  greateft  Al- 
titude for  the  Day  as  before,  then  find  the  Sun's 
Declination  for  tlie  feme  Day  •,  this  done,  take 
Notice  if  you  make  your  Obfervation  betwixt 
the  loth  of  March  and  12th  oi September^  you 
muft  SuBflxaft  the  Declination  from  the  Alti- 
tude •,  but  if  you  obferve  betwixt  the  i7tb  of 
September  and  1 0/6  of  March^  then  you  muft 
add  the  Declinntion  to  the  Altitude y  and  either 
of  thofe  l^umbers  is  the  ife/^/)/  of  the  Equ^or^ 
which  Subftrafted  from  90  Degrees^  leaves  the 
"JLatitude  of  the  Pkce, 
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548144 

549371 

544564 
545S02 

547036 

548267 

549494 

ffo3ri 

^5*789 

554004 

ff0473 
551694 

55291 I 

554126 

5'T/336 

^^°jf95 
551816 

553033 

5mf7 

554H7 

55786!, 
559068 
560205 
561459 

f5o7»7 
551938 
553»55 
554368 
555578 

556303 

ff7o57 
ff87o9 

ff9907 

561 lOI 

5'r«4i3 

558829 
560026 
561221 

558948 
560146 

5'6i339 

• 

y6if3i. 
563718 

567262 

^^785 
.557988 

559188 

560385 

561578 

562769 

363955 

565139 
5W319 

567497 

562293 
563481 
^64666 
565848 
T*7026 

562412 

1^3/99 

564784 

fff9« 
567144 

562649 

563836 
565021 
566202 

5^7379 
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j'?7i89 

5-^970? 
S409Sf 

f4?447 

^44^38 

f47i/9 
,  f48?89 
j  H96i!i 


J?»»4f 
n?fi8 

5'?4787 
r?7?i/ 

f?8r74 
f398z9 

^41079 

J44812 
5-46049 
547282 

5'485'i2 
f497?9 


/fo8;9  ff0962 

i'j'3i76  yn}98 

fT4489  SSA610   

fffw  y5'f8i9  yyT94o 


n^7^ 

no*  79 

^37441 

y?8699 

f;99r4 

541 20f 

^41451 

T4;<9< 

5'44;9?4 
546172 

547405 

f486K 
549861 
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f?2499 
5i;74i 

/37r67 


^5-1084 

W?n9 
5f479i 


yfSioS 

^1887 

5^4074 

^68437 
567614 


fj8"? 

560624 
561817 


563006 1 
564192 

f$«76 

4^ff/ 

f677?a 


fn>4< 
f/8H9 

yT9r48 

f«>74? 
561936 

f6?U5 


fW»» 


"W"^ 


D 


567849 I 


5388*5 

540079 

X4I3*? 

/4*f7< 
/43819 

• 

J'4f059 
546296 

547519 
548758 
549984 

551206 

553640 
556061 

558469 

/f9«*7 
560863 

562055 

J$3*44 

fo44»9 
f6f6i2 

566791 
J^9»7 


f?3899 

5'3fi67 
536452 

1^37693 

/?89Ti 

540204 

y4i4f4 
542701 

f4»44 

54^8? 
546419 
547652 
f4888i 
550106 

ffi J23 

^^547 
f5^762 

Jr497; 
^501 82 

5/7387 

5f8589 

fr9787 
^60982 

562179 

f$33*» 
564548 

S^9 
SjS90fy. 
568084 


122 
122 
121 
121 
121 

120 
I20 
120 
119 
119 

119 

118 
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N 
370. 

;7» 
;7? 

?74 

m 
376 

^0 

?78 
979 

380 

38z 

'!' 
384 

38$ 

387 
388 

389 

390 
39t 
39* 
393 
394 

,358 

(5 

f£8zo2 

5^9374 
f705'43 
T7»709 
/7a»7* 

f740|i 
mi  88 

f7749i 
^8639 

n9784 
f8o9Xf 

5^2063 

583159 

f 84331 

y8f46i 
586/87 

58771* 
588832 
589949 

59ic«5 

592177 
59328<J 

^94393 
f9r45^ 

f9Wr 

598790 
599883 

'«0973 

5^8319 
5^491 

y7oof9 

^71825 
n»988 


/74I47 

/7f303 
T7<J4f7 
577^7 
f787r4 


^79898 
581039 
f82i77 
583312 
584444 


^- 

587823 
588944 
599061 

591 I7« 
591288 

i'93397 
i'94i:oJ 
595606 

$-96707 
597805 
598899 

55W9* 
001082 


568436 
56S608 

•J7077<5 
n»94i 
573104 


5741^3 

f7f4i9 

/76571 

J777** 
578868 


580012 
58115^ 
582291 
583426 
584587 

585686 

586812 

f8793r 
589056 

r9o»73 

591287 
592399 
f93ro8 
594614 

S9S7^7 

596817 

r979i4 
'599009 

600101 

601191 


568554 

1697*1' 
570893 
57*058 

573**9 

574379 

575r34 
576687 

577836 
578983 

580126 
581267 
582404 

583539 
584670 

585799 
586925 

588047 


568671 
5*^842 
571009 

57**74 
573336 

574494 

57f649 
576802 

577951 
579097 

580241 
581381 
582518 
5836/2 
584783 

585912 

587037 
5^8159 


5891*7    589*79 


590284 

S9nS9 

593618 

5947*4 
5958*7 

59$9»7 
598024 

599119 

600210 

601299 


59035^ 

59if;o9 
592621 

5937*9 

594834 
595937 

597037 
598134 

^2*3 

600319 
60140S 
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f7m6 
f7?4f» 

2^ 
578066 

f79»» 
f8l49f 

I  f8489^ 

f86ox4 

/»7H9 
f88x7i 

J«9?9i 
/90f«7 

1916x1 

f9*7?» 

f9l8W 

/9W4r 
«*047 

000418 

601  n7 


f<8095 

f70076 

f7i»4? 
^74407 

n47*tf 

nySSo 
f78i8i 

/80469 
X81608 

rt?879 

fS6ip 

f88)84 
/89fo? 
/90619 
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f 6901J  f  961 J9 

f7o«91  f7o?09 

f7MT9  f747^ 

57»f»;  n»?9 

57?684  n?799 

n484i  r749r7 

r7f99^  noi  1 1 

r77i47  577*^1 

n"9f  ^8409 

J794t»  i79/// 

f8of85  580697 

58172*  581836 

582858  1582972 

583992  584105 


586x49 

r87;74 
588^ 

589615 

f907?o 


»»7;* 

X9*«43 
5939/0 
SSfoff 

S^%f\  f9M» 
f9944»\  T99rf6 
600537  (00646 
6016x5 '  ^1734 


570426 

J7«f9» 

m9ir 

nro7x 
576226 

snrrr 

n$^ 

580811' 
581949 

583o8f 
584218 
585348 

y8647f 

587f99 
588719 

589838 
592066 

f9?>75 
594282 

/9«86 
596487 


5-9747^  /97f8fi 
59857X   59W81 

fJ9^f  r99774 
600755  000864 

6018431  ^i9fi 
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400 

401 

401 

•40; 

404 

'  I  ■ 

4C0 

407 
408 
409 

410 
411 

41 J 
414 

410 

418 
419 

420 

4ZI 

422 

4i? 
4H 

426 

4^7 

4?8 

4?9 


6o20f9,  ($02169 
60;  144  fo:j2n 
60412a  6049^4 


6of3of 
606381 

60745-5; 
608J26 

6095-94 

610060 

61 172; 

612784 
61 ^842 
614897 
6iy9p 

617000 

618048 
619092 
620136 
621 176 
622214 

623249 
6242s  2 
62/312 
626340 
627366 

628389 
629409 

630428 
631444 

^3^4/7 


6of  41 3 
606489 

6075-62 
.608633 
609701 
610767 
61 I 829 

612889 
61 3947 
615-003 
61605-/ 
I617J05' 

6181/3 
61 91 98 
620240 
621280 
622318 

625;4ir 
626443 

627468 

628491 
629J12 
630/^9 

631 f4y 
6325-5-9 


602277 
603361 

604442 

6ojf2I 

606/96 

607669 
608739 
609808 
610873 
61 I  930 

612996 

6140/3 
6I/JO8 
616160 
617210 

"■■^^^^^^■» 

618257 
619302 
620344 
621384 
622421 

6234/6 
624488 

62//1 8 
626/46 
627|'7i 

628/93 
629013 
630631 
631647 
6326/9 


"' 


I 


602386 
603469 
604//O. 
60/628 
600704 

607777 
608847 

609914 

610979 

612042 

61 3 1 02 
6141/9 

61/213 
61626/ 

61731/ 

618362 

619406 
620448 
621448 
622/2/ 

624f9i 
626648 

61767; 

63^869/ 

62971 f 


630733 
632761 


63 


4 

602494  I 
603577 

6046/8 
60681 I 

607884 
6089/4 
6I002I 

61108^ 

6I2I48 

613207 
614264 

61/319 

616370 

6I74I9 

618466 

61 9/1 I 

620//Z 

621/92 
622628 


623669 
62469/ 

62/724 
6267/1 

627771 

628797 
6298x7 
63083/ 
6318^9 
6:}286a 


I 
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60160:^ 

6on6S6 
604.766 

6of844/ 
606919^ 

607991^ 

.  609061 

;  61 01 28 

61 1 192 

6122/4 

6i;;i? 
614)69 
61 f  424 
616476 
617 SI f 

6i6f7i 

61961/ 

62o6f6 

62169/ 

622722 


/ 


62^766 

624798 
62/827 
6268/; 
627878 


i 


628899 
629919 
6)0930 

foi9n 
6529^% 


602817 

6o)794 

694974 
6or9fi 
607026 

608098 
609107 
61023^ 
61 1298 

6I34I9 
61447/ 

6i/f29 
616^81 
617029 

618676 
619719 

620760 
621799 
62283/ 

623869 
624901 
62/929 
6C69/O 

<;7979 

629002 
620021 
631038 
6320/1 
633064 


602819 
603902 
604982 
6060/9 
607133 

60820/ 

609274 
610341 

61 140/ 

612466 

613/2/ 
614/81 
61/634 
616686 

617734 


618780 
61 9824 
620864 
621902 
622939 


6*397? 
62/004 

626032 

627of8 

628082 

629104 
630123 

631139 
6321/3 

63316/ 


602928 
604009 
60/089 

6c6i66 
607241 

608312 
6093SI 
610447 
61  I  /I  I 
612/72 

613630 
614686 

61/739 

616790 

617839 
618889 

619928 i 
620968 

622007 

623042 

I   ■  ■ 

624076 
62^107 

627 I 61 
62818/ 


603636 
604118 
60/197 
606274 
607348 

608419 

609488 
610/^/ 
611617 

612678 

613736 
614792 
6i/84f 
61689/ 
617943 

618989 
620032 
621072 
622110 
623146 

624179 

62f209 

626237 
627263 

628287 


629206]  629308 
630224  630326 

63I24I  6313^ 

63i3^rf  63*3 J6 
633266 1  633367 
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N 

4!« 
4H 
4H 

4)5 

440 
44, 
44, 
4t» 
444 

44» 

4fO 
4f> 
4f« 

m 

4f4 
J?J 
4f» 

0 

<)74»9 

&n4r) 

&M4J9 
(S47)8, 

Mtfo 
<49)ir 

Iij»l4< 

SI 

«l8i5 

I 
514178 

'"1 

<!7I»9 

11 
64b;8i 

«4ir7t 

<4»f<J 

<4irfi 

«44f?7 

¥k 

<4748i 

M4r8 

649451 

Srator 
f/"i7r 

«f!!09 
«f4'71 

«><I94 
M107 

X 

«i;670 

S;4(S79 

«!«« 
657659 

«-,e«99 

«)96!S 
«4e65j 
64.672 
645662 

64;6ro 
644656 
64f6i9 
646199 

'47179 

<43rrr 

«49,=5 
6fi47i 

«;m;9 

JfMof 

6^4569 

'f(55' 

616299 

'fT247 

6f8l02 

660 I c6 
66iofr 
662001 

? 

fi?577i 
6U779 
^;;78r 
«,67!9 
657789 

658799 
6597Sr 
640779 
641771 
642761 

«4!749 
^4-1754 
04ni7 
646693 
64767.1 

6486n 
649627 
6[o™ 

6ljj8l 
«r754! 

6(8198 

If 
66^1 

4 

65+330 

«5f83< 
6t58»» 
<57S39 

6)8SM 
«!9|8f 
646879 

S41S47 
«449;i 

64679* 

«47774 
«4«7JO 

«J74}S 

(S6»9i 
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07989 
08988 

<40978 
fa,9<9 
*«29f9 

6 

6)7089 
6^3089 

«)9oSg 
<S40o34 
64 T 077 
641069 
64?oj8 

644044 
64foi9 
646011 

IS 

«+a94r 
649919 

6fo89o 

6ri8r9 

«;2S2« 

7 

6?4o7r 
6,fiS2 
6361S7 
657189 
658,89 

6j9i38 
640181 
641177 
64216S 
«4!i/« 

8 

<H276 
615283 
616288 
617289 
658289 

610187 
<i    :8; 
'.^^■■-^6 
6ii;S7 

6-14242 

6jt2i6 

6:6238 
6,7, !7 
641, 5f 

649140 
650113 
651084 
6520f) 
651019 

654946 
655900 
656S64 
657820 

6,8774 
65»-2« 
66o6;« 
6616:2 
662/69 

9 

liii 
638,89 

D 

100 
100 

loo 

100 

» 

» 
99 
99 

97 
97 
97 
97 
97 

96 
96 
96 
96 
96 

9f 
? 

9r 
9r 

639387 

4toj82 

64«366 

«4)!r4 

644440 

649237 
650210 
651181 

654080 

?569<0 
<J791« 

<,«869 

^; 
661718 

66l«S3 

<4,94« 
<<I49,, 
Or9I? 
0(iS94 
<4787« 

^4414? 

64ri  27 
646109 

647089 
6.qc67 

«fi7X9 

64904? 
6fcoi6 
6fo9g7 
6ri9f6 
«fi92i 

6r3S88 
6r48ro 

6rrSio 
6(6769 

<;772f 

618679 

6f96lo 
66cr8i 
66,529 
66247/ 

<f7r34 
<^4SB 

<r944, 

6fo!9i 

«f;79i 

*'r47f4 

orr7ir 

Sf<«7! 
Sr76i9 

SfSjSj 
fif9r;6 
6io48< 

662380 
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N 

4& 
46, 
46. 

470 

47" 

47! 
T74 

479 

1 
4S4 

4S9 

0 

6«..:i? 

66r,-Si 

66741: 
663;>> 

6-117! 

671093 
675c.., 

674S6J 
«7t775 

6766g4 
677'>c- 
67s,,'. 
679+J5 
6805  ]■. 

6S,:4. 

6;-;S;j 
68(74; 

681)6  ;6 
687(1? 
685+,, 
6S9;o9 

X 
S6i8ll 

If 
66«J{ 

1- 

665409 

571150 
S7tiM 
674094 

6^S§J^ 

?x^ 

57S6CS 
S79ri9 
63o4i6 

gmz 

MSU7 
6S40!7 
6»495; 

68,-3;i 
S£o-,4S 
St;'.iJ 

*9W8 

&, 
664829 

% 
669JO) 
670451 
«7i!r8 

672283 
671105 
674126 

675961 

678^00 
679609 
680/17 

6SI4M 

682jfS 
683117 
684117 
68foif 

3 

66679, 

669,96 

670,14 
6714,1 

671(75 
673297 
674118 

6760,3 

679700 
680607 

8!)i7 

684117 
6851 14 

686010 

6S6904 

M9575 

4 

664078 
665018 

giiri 

6678K1 
6687,0 
66^8| 
670617 
671545 

67.4S7 
673389 

677059 

6?Iir; 

68IS0) 

683407 
684307 

685204 

68S095I 

6878I5 
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66^22^ 

664172 
66 f 112 
666049 
666^36 

667919 
66885-2 
669782 
670709 
67i6;6 

67;48i 

674402 

676236 

67715-1 
67806; 
678973 
679882 
680789 

681693 
6825-96 
683497 
684396 
685294 

68(^189 

6S7083 
687975- 

68886f 
6897f3 


663324 
664266 
665-206 
660143 

667079 

668013 
668945 
669875- 

670802 
671728 

672652 

^73f74 
674494 

676328 

677242 
678154 
675064 
679072 
680879 

681784 
682686 

683587 
684486 
685383 

686279 
687172 

688054 


663418 

66f299 

66623.7 
667173 

668106 

669038 
669967 

670895 
671 82 I 

672744 
673666 

674586 

$7rro3 
676419 

$773?; 
678245 

^791 rr 

680063 

680969 

681874 
682777 

683677 
684576 
685473 

6S6368 
68721 I 
688153 


8 


688953  685042 
689841 1  689930 


663512 

$$44f4 
665393 

666321 

6672^6 

668199 
669131 

670C60 
670988 
671913 

672836 
67?7f8 
674677 

$7rr9r 
67651 1 

677424 

f7833r 
679246 

680154 

681060 


663607 


631Q64 
682867 
683767 
684666 
68^563 

686458 

68735-1 
688242 
6891 31 

690019 


666424 
667359 

668293 

669224 

670153 

671080. 

672005 

672929 

673849 
674769 

676602 

6775-16 

678427 

6793 ?7 
68o24f 

681 151 

6347f6 

68^/47 

6874J9 
638;;i 

£39120 

690107 
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94 
94 
94 
94 
94 

9? 
9; 
9? 
9? 
9; 

9* 
9» 
9^ 
9* 
9* 

91 
9' 
91 
9J 
91 

90 

90 

90 

90 
90 

89 
89 
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N 

VI' 
•45)» 
495 
494 

i 

499 

JOO 

roi 

J02 

foi 
J04 

for 

fc(S 
f09 

JIO 

f'l 

r>i 

f'4 

'■J 

fi7 
;i8 
fl9 

O 

I 

X 

J 

4 

<!917»7 

«9ion 

«9i9!f 
<9j8lf 

691141 
69,01, 

«9J90J 

690462 
691547 
691119 

45991 

«9oryo 

6<,-:i9 

«i,S  1 .11 

^404 
09»17J 

SI 

6,^rf 
698449 

700704 
7oirfia 

70«4)o 

«99of7 
«99914 

700790 
70l6f4 
702^17 

«99144 

700011 
703877 
701741 
70160, 

699281 

700098 

700^5 
701827 
702689 

%9?I7 

700184 
70104J 
701 9M 
70177J 

7o5«Sf 
704494 

70705^ 

701191 
704111 
7om8 
70f8<J 
70^718 

705OT 
704136 
70J094 

70,46, 
704,11 
70V179 

703f49 
704458 
7oi2«f 
7061  ,o 

706974 

707570 
708411 
709169 
710117 
7109<i! 

709)rj- 

711043 

711891 
711754 
7>);7r 
714414 
7ipn 

707740 

7oSy9i 
709459 
710187 
7111,1 

707S26 

708676 

709fl4 
710571 
711217 

70791 1 

711807 
712<49 
71H91 

7Ifl«7 

711976 
711818 
7'!6f9 
714497 
7If5!r 

712060 
712902 
715742 
714f8l 
7If4l8 

71J826 
714661 

7irfoi 

7fe  TahU  >/  Loiiritlms.              | 

f 

(f 

7 

3 

9 

D 

¥ 

83 
83 
83 

IT 
87 

¥ 

86 

86 

86 

■    86 

! 
f 

faoTlS 
691612 
692494 

«9;?7i- 

«941f4 

690816 
691700 
692185 
69,46, 
«M)4> 

69090r 
691789 
692671 
«9)ff" 
694429 

690  Q9, 

6c,i  87; 
69i7rg 
6<,;655 
«94fi7 

695044 

i 

g 

11 

<C(WU 

TootjS 
701221 
702086 
702547 

<99J28 

700444 
701,09 
702172 
70?oj, 

«99«<4 

7oor,i 

7022/8 
70,119 

6997/1 

7C0617 
701431 
7021+4 
70)10; 

700171 

7oii?« 

705711 

7oj4!« 
7c«191 
71>7>44 

70466? 

707119 

70589, 
7047f7 

70W79 
704|!7 
70569, 
706/47 
707W9 

704065 
704922 
73f77S 
-q66,j 
7074S/ 

709*»4 
710J40 
71131/ 

708081 

708166 

70986J 
710709 

7082/1 
709100 
709943 
710794 
711659 

708  ,,6 
70918/ 
7it<J„ 
710379 
7n72, 

71M29 

71  WO 
7I1910 

7i»)M 
7>3>rt 

Pi 

712,97 
7i,l,« 
714078 
714916 

712481 
71,22, 
714164 

7i2r« 
711407 
714246 
71 5084 
71/Sisl 

r 
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7i6ooq 
716838 

717671 
7i8foi 

719331 

7201 f 9 
72C986 
7x181 1 
7226;4 

72;4f6 

724276 

72ro9T 

72f912 

726717 
727/4« 

7283r4 
72916^ 

729974 

730782 

731J89 

732394 
733197 
733999 
734799 
73X199 

736397 
73719^ 
737987 
738781 


716087 
71692I 

7i77r4 
71 85-8  f 

719414 

720242 
721068 
72x893 
722716 

7235-38 

7243^8 
72x176 
72f993 
726809 
72762; 

72843r 

729246 

73oo|'f 

730863 

731669 

732474 
733278 

734079 
734879 
73/679 

736476" 

737272 

738067 

73%9 


716170 

717004 

7178374 
718668 

719497 


; 


739/72  7396/1 


720J2f 
7211/1 

72i97r 
722798 
723619 

724439 

72/2f8 

726075 
726890 

727704 

728/16 

7293^7 
730136 

730944 
731749 

73i//r 
7333/8 

7341 r9 
7349/9 

73/7/9 

736//6 
7373/2 
738146 

738939 
739731 


71625-4 
717088 
717910 
7187/1 
719579 

720407 
721232 

7220f8 

722881 
723702 


724/22 

7i/339 
7261  ^6 

726972 

72778/ 

728/97 
729408 

730117 
731024 

73^8;o 

7H»;9 
7?ro?9 

7;y8:;8 
7;«3r 

7?74Ji 
7?8"/ 

7?9oi8 
7^809 


7i^J?7 

717171 
718CX)? 

7i8S;4 

7i$l«5 

720490 
7*i;ji6 
72x140 
72296) 

71J784 

724604 
72f4a» 

72^2^8 

7270fa 
7*7866 

7*8678 
729489 
750298 
73nof 
7?i9ii 

7;i7tj' 
739  Ji  8 

734319 
73J'i  19 
73J9»8 

73^71 r 
737/1 1 
738505- 

739097 
735*89 


7J. 
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6 

7 

8 

•9 

D 

8) 

ri<4ii 

7i<>[S8 

716671 

7!67r4 
7'7f87 
718410 

Jls'oll 

7i74=i 

7iSir) 

7l8))6 

?>891? 

'■% 

71 90S) 

7i9i6f 

7>W4r 

719818 

7it<fr 
711481 

719'Jii 

7107)8 
711* 

719994 
710S11 

7ioo7> 

710901 
72172s 

8) 

7»oP| 

711646 

82 

711121 

711)0)- 

711)87 
7i!fc9 
714029 

71ixri 

82 

7'l'lSJ 

^s 

7M)74 
724194 

t 

7i4«Sf 

7I47<7 

?il| 

li 

7»foi) 

32 

Tim 

7i<)i9 

71}r8f 
7i&toi 

7lg2| 
7i74?9 

82 

8i 

7171)4 
71793 

73.7116 

727*97 

717)79 

Si 

718019 

718110 

718191 

72827, 

Si 

7lS7f9 

7.8S41 

718912 

71900) 

729034 

fi. 

719J<« 
7?o)78 
7jil9i 

719<fi 

7297)1 

7)0611 
7)141) 

729S9) 

81 

l,t?^ 

7)OJ4o 
>)")47 

7;o7oi 
7;ifo3 

8. 

73"99" 

7^107x 
7)l87« 

7)iif2 
7)i9f« 

7J21J) 
7))Si7 

7)2!.) 
7))1I7 

Si 

80 

71i7Sf 

7Hr98 

7)!<79 

7))7f9 

7)!5)9 

7))919 

80 

7W99 

7)4479 

7)4M9 

7)46)9 

7)47i9 

80 

7WI9S 
7)fJ98 

7)r)/9 
7)«i/7 

7)«9f4 

7)J4)S 
7)62)7 

7)*19 
7)6)17 

7)711) 
7)79p8 
7)8701 

So 
So 

So 

7)<79f 

"S 

7)70)4 

l%% 

7)84? 

7)7749 
7!Sr4) 

;iS2'2 

79 
79 

7"!S 

7)9ire 

?)9)tf 

7)9414 
74020/ 

7)9*9) 
740284 

79 

7)99*8    740(471 

740ii<> 

79 

l:c 
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N 
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m 

f!9 
;<■ 

J70 

m 

0 

I 

1 

3 

4 

740)6! 
"41 1  fi 
74i9i9 
74!72f 
74)roi) 

740441 
74ii;o 

741018 

741801 

74!f38 

740fii 

741881 
745667 

740/99 

741  !88 
74«I7/ 
741961 
■74)74/ 

741254 

74)o)9 
743S23 

744»9) 
74yo7f 

74«44 

747+u 

744!7> 
74f'r) 
74f9« 
746711 
74748J 

744449 
74P?I 
746011 
746789 
747/67 

744fi8 
74no9 

74764/ 

74460.! 
74/587 
74*167 
74694/ 
747711 

74?  [53 
74S.«! 
749716 
7foroS 
7r'179 

74Sl6« 
749040 

7J-ot86 
7Ji?r« 

748)43 
749118 

7JI4)i 

748411 

749968 
7/o7)9 
7/1/10 

748498 
749»71 
7/004/ 
750817 
7/1/87 

7fS04S 
7f«Si6 
7f?r85 
7f4J4S 
7rfii2 

7f>Ilf 
7/>895 
7rj6f9 

7«>99 

7/2101 
7/iS«? 
7/17)6 
7/4/01 
7/f26/ 

7/2279 
7/!047 
7/)8lj 
7/4/78 
7//)4' 

7/»)/« 
7/) 11) 
7/3889 
7/46/4 
7//417 

7frS7r 

7f7)s6 

7/Si;r 
75-8911 

7f9663 
700421 
761176 
76191S 
761679 

7yj9f' 
7/6711 

7J747> 

7/6017 
7/6788 
7/7/48 
7/8jo6 
7/9063 

7r6ioj 
7/6864 
7/7<17 
7/8382 
7/91)9 

7/<I79 
■7/6940 

7/9214 

7T974J 
7604,8 
761  ifl 
761CO, 
5«27H 

7/9819 

780571 
761;;? 
76=078 
76;  9=9 

761402 
7611 f J 
76230^ 

7{99<9 

760713 
761477 
76222S 
761578 
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74fy7n 

74?ii8 
74?9ox 

744*84 

74J:4«I' 
74*»4f 
7470*? 
747800 


748f7« 

749?49 
7roi29 

75-0894 
7/1664 

75'»4?; 
7ni99 
7S%S66 
75'47J0 

7l'j'454 

7j6if< 

7f7oi< 
7(777/ 

7y8n; 

7/9*90 


76004/ 

760799 
76»//* 
762)09 

76?oyj  I 


7408)6 
741624 

74*4" 
743196 

74J979 

74+764 

74//4? 
746?2) 

747101 

747878 

7486/) 

7494*7 
7f 01 99 

7/0971 

7/174' 

7/*/09 
7/?*77 

7/404* 
7r48oo 

7///69 

7f6))2 

7/709* 
7/78/1 
7/8600 
7/9?66 

7&)izi 

7fo87r 
761627 


74091  f 
74170? 
742489 

743W 
744058 

744840 

74/6*1 
746401 

747179 1 


8 


740994 
741782 

74»/68 

74;;/? 
744*  ?6 


744919 
74/699 

746479 
7472/6 


.74107? 
741860 
742647 

743431. 
744*1/ 

744997 
74/777 
746//6 

747334 


7479//  748033  748110 


748731 

749/04 
7/0277 
7/1048 

7/1818 

7/*r86 

7/33/3 

7/4"  9 
7/488? 
7//646 

7/6408 

7/7167 

7^9*7 
7/868/ 

7/94" 

760196 
760949 
761702 

76H/I 

76?20? 

Cc  X 


748808 
749/82 

7*o?/4 
7/112/ 
7/189/ 

7/266? 

7/34*9 
7/4»9/ 
7/49/9 
7//7*» 

7/6484 

7/7*44 
7/860? I 

7/8761 
7/9/«7 

760272 
76102/ 
761778 
762/29 

76;»79 


74?88/ 
746>6f9 
7/04? I 

7/1202 

7/197* 

7/*7?9 
7f?/o6 

7/4*7* 
7//o?6 

7/f799 

7/6/60 

7/7?*o 

7/8p79 
7/88?6 

7/9/9* 

76o?47 
761  lOI 

7618/3 
762604 

7633/3 
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79 
79 
79 

78 
78 

78 
78. 
78 
78 
78 

77 
77 
77 
77' 
77 
— r- 

77 
77 
77 

76 

76 
76 

76 

7/ 
7/ 
7/ 
7/ 
7/ 


The  TMc  ./  Uyiritbmi.             | 

N 

?!■ 

f 

fS<i 
f9i 
f9» 
f9! 
r94 

i 

m 

iSbo 
fei 

(OS 
(So, 

o 

76+.7« 
76+t;y 
76f66«) 
76641} 

I 

i 

7«!n,8 
7<i45'i« 

i«Sf62 

76878* 

769Pf 
770165 

770999 

775201 

7759)1 

774«5 
771592 

TnsT 
778256 

7790'9 

78^Si 
7S1181 

7826?! 
785112 
734046 
7847/9 

3         4 

7656/5    7«5727 
7644CO   76447/ 

7<9977 
77°"/ 

770»fl 
771587 
77t?i'2 

T74f'7 
77;»4' 
77g74 
776701 
7774«7 

7671*0 
768711 

7<S94J-i 
770189 

ii 

77i19f 
775118 
77lSf9 

774(89 
77gi9 
770047 
77<774 
777499 

778114 

^^ 
780589 
781109 

781827 

7852s 

7*9/95 
7705s' 

7«74ri 
768.94 

769<i71 

770410 

771 14< 
771881 
T726if 

775548 
774079 

nvxi 
774716 

77!46r 
776195 
7769.9 
7776M 

774809 
77f/53 
77626/ 
776991 
777717 

ZZfJf 
778874 

77S/S' 
780117 
781017 

78l7f> 

?1S 

778168 
779091 
77981s 
780/55 
7812/5 

IF 
784851 

778441 
779i65 
779884 
780B0J 
781524 

782042 
7827/9 
78147/ 
784.89 
784902 
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7^4f49    7$4$14 
7«f  I9< ,  Tjrao 
766041    7«i  If 
7«78f   7«Sf51 

.7«7n7!7l!7foi 
7<ailS3   7«8;4. 
7<<W38    7<9o8i 
769746 ,  769810 
770484 ,  77orf7 

7 

76t9r« 
764699 

7669!) 

8 

764027 
764774 

767007 

767749 
768490 

TTOJOf 

9 

764101 
764848 

76rr94 
767081 

X'i 

769501 
770041 
770778 

771X14 
771148 
771981 
77)71) 
774444 

77fl71 

776619 

778801 

mm 

78o24r 

D 

7> 
7S 

7! 
74 
74 

74 
74 
74 
74 
74 

74 
7) 
7» 
7! 
7) 

7) 

7) 
7) 
7! 

71 

7* 
71 
71 
7* 
71 

71 
7« 
7( 
71 

ri 

7''-^7f 
7'i^^l6 

-■).'r6 

76_./<H 
■37UII 

771  !<7 
771101 
77t8}r 
77W67 
77419a 

771219 

7754" 
7741fl 

774«8> 
77f6io 
7761J8 
777064 
777789 

778/1} 
779«!6 

i^ 

78  us* 

784974 

771I9J 
77»ox8 
772761 
771494 
774»>f 

7764H 
7771)7 
777861 

778f8f 
779!oS 
780019 

Xr> 

78>lS6 

&l 
7|4!!1 
78)-04; 

771440 
771l7r 
77*908 
771640 
774171 

77fOlS 

^, 
777109 
7779M 

77S6f8 
779!«0 
78oio( 
780811 
78ifi9 

75llf8 

77floo 
775819 
776rf« 

778719 

779411 
78017; 
78089! 
781611 

781)19 

784471 
78/187 

781401 

'!';■' 

784x46 
78;ir9 

Cc 

3 

■' 

■ 
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'6io 
64.1 
612 
61; 

614 

6ir 

6\6 

617 

618 
619 

620 
6zi 
6xz 
62; 
624 

62c 

627 
628 
629 

630 

6\z 
$?? 

I? : '  ■  ■ 


78«29 
786041 
78675;! 
787460 
788164 

788875" 

7895'8i 
79028f 
790988 

791^9' 

793092 

79?79i 
794488 

79Si^S 
795'88o 

7s<m 

797268 

7979^9 
7986/1 

799?4« 
800029 

800717 

801404 

802089 

802774 
8o34f7 
804139 
804821 
Sojfoi 


78r4oi 
7861 1 2 
786822 

787f3i 
788239 

788946 
78965-1 
7903;^ 
791  Of  9 
791761 

792462 
793162 
793860 

7945'r8 
7912/4 

79m9 
796H+ 
7973 ?7 
798029 

7987^9 

7*99409 
800098 

8007^6 

801472 

802 1  j8 


802842 
803/25- 
804208 
804889 
80J/69 


78/472 
786183 
786893 
787602 
788309 

789016 
789722 
790426 
791129 

79I83I 

79*5';* 
793»3» 
79?9?o 
794^*7 
79J?H 


79foi9 
79<7U 
797400 


9860 
9878 


8 
798789 

799478 
800107 

8008 r4 

801  f4i 
Zozit6 

802910 
803/9 


8042 


?J 


78ff4? 
7862f4 

78($904 

78767; 
788^81 

789087 
789791 
790496 

79"  99 
791901 

>95M5o2 

79;30» 
7$3?99 
7943^57 

79f;93 

796088 
796781 
79747f 

798167 
7988^8 

799X47 
8(1)0X36 
800913 
801609 
$02195' 


802979 
803662 
804344 
80^02;- 

80/70J, 


78f6ij 
78632/ 
78703 f 

787744 
7884/1 

789863 
790/67 

791269 
79»97i 

792672 

79;;7* 
794069 

7947^ 
75>/463 

7961/8 
7968/z 

797X4? 
798236 
798927 

799616 
80030/ 
800992 
801678 
802303 

803047 
803730 
804412 
80/09:3 

8o/77g 
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78f686 

786796 
787106 

78781 f 
788 jix 

789228 

7899?? 
790677 

79M;9 
792041 

*■  II. 
79*74* 

7941 ?9 

79483^ 

79//?* 

> 

796227 

79^21 
797614 
798;of 

798996 
79S^f 

^m 

80I06I 

801747, 

8024321 

8031 16 
,  8o?7«8 

804480 
I  8ofi6i 
I  8o;84i 


786467 

787177 
78788/ 

788/93 

789299 

790004 
790707 
791409 
79*1 I I 

792812 

79?^" 
794*09 
794906 

79r&'* 

79^*97 

79^ 

797683 

798?74 
79906/ 

7997/4 
800442 


.78/828 
786/38 
787248 

7879 f  6 
788663 

789369 

790074 
790778 
791480 
792181 

792882 
79?f8i 

794*7? 
794976 

79X^7* 

796366 

7970/9 

7977J* 
798443 

799»;4 

799823 
800/11 


8 


801 129  I  801 198 


80181/ 
802X00 

803184 
803867 
8045^48 
8ojxz9 
80J90S 


801884 
8o2j63 

8032/2 

8o393f 
804616 

80/297 

80/976 


D 


78/899 
786609 

787? 19 
788027 

788734 

789439 

790144 
790848 

791/^0 

7922/2 

7929f2 

79?6fi 

794349 
795'045' 
79J74I 

796436 
797129 

797821 

7985-13 
799203 

799892 

8oof79 
801266 

8oi9f2 

802037 


803321 

804003 
80468/ 
80/36/ 
806044 

Cc  4 


78/970 
786680 

787389 
788098 

788804 

789/10 
79021/ 
790918 
791020 
792322 

793022 
793721 

7944«8 

79/iif 
79/810 

79^fo/ 

797198 

797890 
798/82 

799*7* 

7999^1 
800648 

80133/ 

802021 

80270/ 

803389 
804071 

8o47« 

80/43? 
806112 


I 

<9 

68 
68 
68 
68 


MH^V^ 
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640 
641 
642 

644 

<4f 
6415 
647 
648 

«49. 

^fo 

Ofl 

d^i 
66x 
66i 
664. 

66f 
£6$ 

<S69 


8c(5f79 
$o<8^ 

8c82ii 
808886 

8o9ff9 
8ioz;^ 
810904 
8  tip/ 
8i2i4f 

81291; 

814x48 
81491; 

81/J78 

816241 
816904 

818226 

8i88$f 

820201 
8208^8 
821514 

82^168 

822822 

81347A 
824126 
824776 


806248 
80^926 
80760? 
808279 
80895-9 

809627 
810299 
8 1 0971 
81^642 

8l2;i2 

812980 
813648 

814:514 
814979 

81/644 
^ 

|8i6;o8 
816910 
817641 
818292 
8189/1 

819609 
820267 
820924 
8^1/09 
82223) 

• 

8228^7 

824191 

824841 

8^/426182/491 


^ 


806316 


808946 
809021 

809694 
810907 
811099 
811709 

812979 

819047 
81 9714 
814981 
81/046 
81/71 1 

816974 
817096 
817698 
8189/8 
819017 

819676 

820989 
81164/ 

82i299 

82960/ 
8242/6 
824906 
82///6 
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8o$|84 
807061 
8ot798 
808414 
80908S 

809762 
81049A 
811106 
811776 
81244/ 

819114 
81 9781 

81/11, 
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the  TahU  of  Logarithms,                1 

%l 

<So 
681 

«84 

6%, 
68i 

US? 
6tt 

e», 

699* 

0               I 

8i6o7f   8261 J9 
81671? 1 826787 
8i7;65 , S274?4 
82801  rj  818079 
8i86j9|8»37H 

^ 

826204 
8268J2 
827499 
828144 
8287? 

8J94)2 
8)oo7f 
850717 
85. 5^8 
851998 

852657 
855"7f 
8)5912 
8)4f48 
SjfiS) 

8)7o8r 
8577if 
83854? 

8)9604 
840252 
8408/9 
8414S, 

841109 
842734 
845357 

3 

826269 

827565 
828209 
8288,5 

4 

827628 
828275 
8289,8 

8i9;o4 
8)2^09 

8;;i47 

|„784 
8jrof6 

S!i6»I 

^;f>;t4 
■i;ovr7 
•^;-il8 

829)48 
8)doii 

a)o<f) 
8)1294 

8)19)4 

829497 

S)oi), 
850781 
8)1422 
852062 

8)2700 
854558 
8)5971 
854611 
855247 

857146 

'&, 

840)94 
840921 
841,47 

a29f<;, 

8)Oic4 

l)'Sl 
832116 

812m 
8))2I1 
8)5848 
8,4484 
8)/ii9 

8)6)87 
857019 
8)7lSfi 
8)8282 

8)8912 

8)9M' 
840169 

841423 

S)27«4 
8)3401 
8)40)9 
83,675 
S35310 

835944 
8)6^77 
837209 
8)784? 
8)8471 

858849 
859478 
.840IC6 
84075) 
S4i)(-9 

84;6j9 
84;--!) 

844477 

8)9I0i 
8)971, 

S42047 
842672 

8459lf 
84409 

84217; 
342796 
843419 

tea 

The  Table  ef  Logarithms. 


5 

82^399 
827046 

827^92 

828338 

828982 

82962 f 
830268 

830909 

83»W9 
833189 

832828 
833466 
834103, 

8M739 
83f373 

836007 
836641 

837»7? 
838^34 

839164 

83979* 
840419 

841049 

841672 

842297 
842921 

8441S 
844788 

6 

'  826464 
8271 I I 

8x77r7 
828402 

829046 

829689 

830332 

830973 
831614 

8322^3 

832892 

834166 
834802 

• 

836071 
836704 

837359 
837967 
838J97 

839227 
83985^ 
840482 
841109 

84173/ 

84*3/9 
842983 

843606 

844229 

844849 

7 

826f28 
82717/ 
827822 
828467 
8291 I I 

8297X4 
830396 

831678 
832317 

8329/6 

833/93 
834229 

834866 

83)^00 

836134 
836767 

838030 

838660 

839289 

839918 
840/4/ 

841 172 

841797 
842432 

843046 
843669 
844291 
844912 

8 


826f93 
827220 
827886 
828^31 
829173- 


829818 
830460 
831102 
831742 
832381 


833019 

834294 
834929 
83f^ 


836197 

836830 
837462 
838093 
838723 


839?P 
839981 
840608 
841234 
84185-9 

842484 
843108 

54;7?i 

844;« 

844974 


8266/8 

82730f 

8279TI 
828/9/ 

629239 

829882 
8^05-2/ 
831 166 
831806 
83244/ 

833083 
833721 

834993 
83/627 

836261 
836894 

8?7W 
8381/6 

838786 

83941  f 
840043 

840671 

841297 
841922 

842/47 
843170 
843293 
84441/ 
84/036 


•  p 

The  Table  of  Logarithms. 


o 

84/098 

84r7i8 

84^337 
84^// 
847T73 

848189 
84880/ 
849419 

850646 

8/1258 
8/1869 

8f?479 
8/3089 

8/3698 

8/4306 
8/3913 

8//fi9 
8/6124 

8/6729 

85733* 

8/793f 
8r8/37 

8/9138 
8/9739 

860338 

8M37 
861/34 
86*131 
86272S 

I 

84/160 
845779 
846399 
847017 
847634 

8482/1 
848866 

849481 

8/009/ 

8/07P7 

8/1319 
8/1931 
8/2/41 
8f3i/o 

8/37/9 

8/4367 
8/4974 

8/6789 

8/8/97 
8/9198 
8/9799 

860298 
860996 

861/94 
862191 

862787 

84/222 
84/8A2 

840461 

847079 
847696 

848312 
848928 

849/42 

8/o>f6 
8/97^ 

8/1 381 
8/1992 

8/2jj02 

8/3819 

8/4425 

8^034 
8^/640 

\^^^^ 
8/6849 

8/80/6 

8/8657 
8/92/8 

8/98/9 

8604/8 

8610/6 
8616/4 

8622fl 

862847 

84/284 

84/904 

846523 
847I4I 

8477/8 

049909 

849604 

8/o^j7 
8/0829 

8/1442 
8/3272 

8/j?8i 

8/4488 
8^09/ 

8/6306 
8/6910 

8f8ii6 
8/8718 
8/9318 
8/9918 

4 

846/8/ 

847202 
847819 

84843/ 

8/0279 
8/0891 

851503 
8/21 14 
8/2724 

8/3339 
8/39*1 

8/4/49 

8//irt 

8® 
8/6970 

8/8176 
8/8778 

8/9379 
8/9978 

860/18 
861116 

861714 

862310 

862906 


860578 
861176 

^^^^ 

862369 

I86296S  I 


The  TaHe  aj  Ugarillms.                j 

f    ■ 

\& 

l« 
847S81 

848497 
849112 
849721s 
8fci))9 
8f09f2 

8jlf«4 

8r278( 
8n!94 
SJ4002 

8f70)I 
8r88,8 

86,85, 
862429 
8(S,o.f 

6 

Itii 
S47;2< 
84794, 

848,r9 
l» 

8/0401 

8j-ioi4 

8f,«2J 
Sf22,6 
|f.846 

8r4ai, 

8^4670 

8rn77 

S;,-«2 
|;6,!7 

srss's 

86.XS97 

861  IQf 

86,o8f 

,  X- 

848620 

8492,j 

1« 
8;io7f 

8n686 
8f2297 
8f2907 
8j,;i6 
.8^4124 

8f47,i 
8rr?17 

8f7iJ2 

'mff 

8,89,8 

8607,7 
86oj„ 
8619,2 
862,49 
8<,I44 

8368,1 

131^ 

848682 
849297 
849911 

8,2968 

8^8417 
879018 

860817 
86141, 
862012 
862608 

86,204 

9 

E4f6j6 
34627, 
84*594 
847,11 
848113 

848745 
8495(8 
849972 
8,0,8, 
8,1197 

3ri3o9 
Sr«4'9 
813029 
8f56,7 
8,424, 

8,45,2 
Srf4t9 
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Degree  8.     ■                     j 

M 

Sine 
9-I444H 

TuEent 

9.14780, 

£0 

9.99r7r; 

10.8/2197 

999r7;r 

9.148718 

10.8/1282 

1 

9''4rH9 

9-9'^  rTT? 

9.149652 

10.8/0,68 

J 

9.14<245 

9.c)<jf(5'.<> 

9.1/9/44 

10.8494/6 

;7 

4 

9.1471)6 

9..»t6'i.  1 

9.1/14/4 

10.84S/46 

/6 

f 

9.148026 

9-«'t«4  i 

10.8476,7 

££ 

6 

9.14S919 

9.r,c,,-',;/;  I 

9T7F269 

10.8467,1 

/4 

7 

9.149881 

9-vvifc3 

91/4174 

10.84/82/ 

j; 

8 

9.ifO«8(i 

9.99f6io 

9.ir/077 

10.84492, 

/2 

9 

9.iri;<9 

9-99fr9i 

?;;x 

10.844022 

/' 

10 

9.1f'4fl 

992riZl, 

10.84,1^, 

/o 

11 

9if)!!0 

9.99F5Tf 

9.ir777/ 

ia84222/ 

:? 

12 

9.1^4208 

9-99rr;7 

9.1/8671 

10.841,29 

1} 

91fto82 

9.99ir"9 

9.1/9/6/ 

■0.8404!/ 

t? 

"4 

9-1  f  rep 

9S9rroi 

91604/7 

10.8,954, 

46 

If 

9.ifiSS!o 

9.'>9f4^2 
9.99/45+ 
9.99/446 

9.161  W 
9.1622J6 

io.8,86/. 

4£ 
44 

10.8,7764 

17 

9.ir8f69 

9.l6;i2j 

10.8,6877 

4? 

l8 

9.1&)51 

9.99f427 

9.164008 

■o.8,/992 

42 

19 

9.99/409 

9.164892 

io.8,/lo3 

41 

20 
21 

9.161164 
9.162027 

9-99ri9o 
9-99/;72 

9-'6r77; 

91666/4 

10.8,4226 

1? 

;°j',u^ 

9.16288/ 

9.99/?/; 

9.167/J2 

2! 

9.1«;741 

9.99r!« 
9.99/516 

9.168409 

ia8;if9i 

!7 

24 

9.1646CO 

9.169284 

io,8}07itf 

?6 

2f 

9.l6f4r4 

9.99/297 

9i6Din 

io.8i98« 

!£ 

2< 

,.,«,07 

9.99/278 

9.171029 

ia82S$7i 

34 

27 

9.1«7ir8 

9.99/260 

9.171809 
9.172767 

10.818101 

)) 

28 

9.168008 

9.99/241 

10.827231 

J2 

29 

9.i6a8y6 

9.99/222 

9.17j6» 

J> 

12 

9.169702 

9.99/20? 

9-'74499 

laSirroi 

32 

M 

Sine 

Tuigent 

Degree  8i.        -             | 

Dtgree  8.                       | 

u 

i 

Sine 

y-t^-^f^^jj 

Tangent 
9-174499 

10.325'roi 

?o 

9;l^l 

?■ 

!« 

9-1  TOM* 

9-'7f3(>i 
9. 1 76114 

10.814638 
10.82^776 

If 

« 

5.1711^ 

9'Wri4ii 

9.177084 

1 0.8 129 1 6 

s 

M 

9-i7?07o 

y-Wi27 

9-177941 

10.8  iiop 

31 

9-'7Wo8 

Ji-Wflo'i 

9.178799 

10.921101 

If 

1« 

9-174744 
.9->7rr78 

9.i8oj-o8 

1 0.82O34J- 
10.819492 

24 

?8 

9-i7'S4ii 

!'.99f^^i 

9.i8i;6o 

10.818640 

' 

39 

9.I77H2 

9-''9P;i 

9-13221 1 

10.817789 

40 

y- '7807a 

5.(i9r.-i: 

9.i8;o6o 

10.816940 

20 

4" 

9-178900 

9-994^'??  1 

9. 1 83907 

10.81639; 

4» 

9-i797i< 

<;.o.?4974 

9.i847i'2 

1 0.8 15-248 

18 

4! 

9.i8oyri 

(I.9R4QI,- 

9- 1 8 1^97 

10.814403 

17 

4+ 

9-i8i?74 

?';94f):r 

9.186419 

!  0.8  11  (■61 

16 

5 

9.182156 

5,0949i_(> 
r).0943^6 

9.187180 
9.188120 

10.811710 

io.8ii83o 

J4 

9.i3;oifi 

*i 

9.i8j8,4 

9.994 '^7'^ 

9.1889^7 

10.811042 

43 

9.i84«fi 

?-994?r7 

9.189794 

10.810206 

12 

49 

9.i8r46<S 

9,g9.iS;S 

9.19C619 

10.809371 

TO 

9.186280 

.^KH^I^ 

9. 1 91 461 

^o8n8 

10 

f 

9-187092 

9  99479^ 

9.192194 

10.807706 

Q 

P 

9..87903 

9-994779 

9.i9?i24 

10.806876 

8 

n 

9.188712 

9'9947r9 

9-i939r3 

10.806047 

7 

r4 

9.I89J-I9 

9-9947;9 

9.194780 

10.8OJ-22O 

6 

^ 

9-"90?v 
9-191 1  ;o 

9.994719 
9.9946Q9 

9.i9ffo<S 
9.196440 

10.804394 

4 

10.803569 

f? 

9.1919J; 

9.994«3 

9.»97»rj 

10.801747 

; 

9-19*734 

9-994660 

9.198674 

10.801926 

2 

^ 

9-i99f?4 

9-994^  f-' 

9-198894 

10.801106 

1 

?d941H 

9.99461  :^ 

9i^?lB 

10.800287 

■      Sine      1 

Tmgeot 

M 

Degree  8r.                        j 

Gg 


1 
tf 


Degree  9. 


M 

o 
I 

2 
? 

4 

6 

7 
8 

9 

ic 

II 
12 

14 
IT 

16 

17 
18 

19 

20 

21 

22  I 


i4 

26 

27 

2S 

2Q 

50 


Sine 

9^94^2 

9.19^129 

9-i9f5^r 
9.190718 

9- » 97^1 1 

9^8|ol 

9.i9t;o9i 

9.199879 
9.2cc666 

9.2oi4fi 

9.2022:^4 

9.20  JO  1 7 

9.20  ;797 
9.2045-77 
9.20f;f4 
9.2061;  I 

9.206506 

9.207S79 
9.2o84f2 
9.209222 

9-^0999.^ 
9.210760 
9.2115-26 
9.212291 

9.21  goff 
9.21:^818 

9.2 1 4f  79 

9.21  n^s 

9.216^97 

9.2 1 68  f  4 
9.217609 


9.994620 

9.994600 
9.994f8o 
9.9945-60 
9.9945-40 
9^994519 

9.994499 

9-994479 

9.9944r9 
9.9944^8 

9-9944^  S 
9.994^98 

9-994;77 

9-994;f7 
9.994?  ;6 

9-99411^ 
9.994291- 
9.994274 
9.9942/4 

9-994i« 
9.994212 

9.994191 

9.99417 1 
9.9941  JO 
9.994129 
9.994108 

9.994087 
9.994066 

9.994044 
9.994024 

9-99400? 
Sine 


Tangent 

9.200f29 

9.201  ;45' 
9.20215-9 
9.20297 1 

9.203782 

9.204f92 
9.2Of40O 
9.206207 

0.20701? 
9.2078 1 7 

9.20S619 
9^209420 
9.210220 
9.21 1018 
9.21 1  Sjj 

9.21 261 1 
9-21  ?405' 
9.214198 
5.214989 

9.215780 

9.2165-68 
9.217356 
9.218142 
9.218926 
9.219710 

9.220491 
9.221272 
9.22205-2 
9.222830 
9.223607 


0.800287 


0-799470 
079865-5 

0.797841 
0.797029 

0.756218 

0^795-408 
0.794600 

o.79?79; 
0792897 

0792183 

C.791381 

0.790580 
0.789780 
0.788982 
0.788185 

0.787385- 
o786f95 

0.78  f  802 

0.785-011 

0.784220 


0.783432 
0.782644 
ro78i8j8 
0.781070 
0.780294 


0.779508 
0.7787^8 

0.777948 
0.777170 

0.77639^ 


60 

SS 
f8 

rr 

54 

fo 

49 
48 

46 

44 
41 

f42 

41 
40 

?9 

38 

''J 
!£ 

?4 
?3 

;i 

?o 


*  Tangent   'm 


Degree  80. 


1 


Degree  9. 


9-»  17639 
9.2i3a£^ 
9.219116 
9.21981S8 
$.21061 3 
9.211 31S7 


9.x2inr 
9.Z22361 
9.22;6o6 
9.224?49 

2;22f09l 

9.21/8;  5 
9.22tff7j 
9.227?!  I 
9.22S048 
9.118784 


9-»m'8 

9.2;oir2 
9,2;o994 
9.21171  r 
9^152444 

9.2J1I72 

9.2?;899 
9.13462/ 
9-i?r349 
9.21607; 


9.2j679f 
9.2188}/ 
9-2»<7o 


5-''95- 


9"5't76'? 
P99;74'' 

9-!'91T'--; 
9.V9  ;6 1 6 


<).'i9;44-' 

9.99U1S 

9-99);9'> 
9-99;  !7( 

9-9'>i;n 


|T.iiEciit 

9.221607 

ft  -7>-..  - 

5.224j8i 

9-22JIflS 

i).zire29 

9.116704 

S.22747I 

9.228140 

9.229=07 

9.129774 

9.i;ori9 

9.1).)oi 

9.2}io<!i- 

9.151826 

9.i)Jf8« 

IC        .!.(  : 

9.i»Mf 

9.i?fioJ 

IC.7')4'^^7 

9'2?<;;r9 

^:i^^6l 

ic.-'.-?^'; 

J.ljSiio 

9.258871 

9.159611 

9.140571 

9.141113 

9.141 86f 

9.242610 

9.i4??f4 

9.144097 

9.144859 

9W!T) 

1C.7HJ11 

9.146519 

lc.7f;6ii 

Tin.tnc 

Degree .  80. 


Degree  10.                        [ 

H 

o 

3 
4 
f 
6 

I 

9 

lo 

11 

14 

ir 

i8 
»9 

20 
21 

21 
»? 

26 

.17 

23 

19 

30 

Sine 
9.235670 
9.240386 
9.241 101 
9.141814 

9.M»r» 
9.243237 

.9.143947 

9.i44fif6 
9.i4n63 

9,246070 
9-M*77r 

9.147478 

9.2481  Si 

9.148883 
9.149783 

9.2foi32 

Tangent 
9.246519 

?6 
£/ 
/4 
H 
f2 
/I 

£2 

11 

44 
4! 
4«, 
41 
40 

r? 
12 

!£ 
!4 
;t 
!» 
!■ 

2? 

M 

9-993  ?7» 
9.993329 
9.993307 
9.99?  184 
9.99?i*2 
9-99324D 

io-7r568t 

9.2470J7 
9-247794 
9.148/50 
9-2492«4 
9-'49998 
9.210750 

9-2ri4<i 
9-2y2i9i 
9-2^2920 

10.7/2941 

10-7/22^6 

10-7/1470 

i7-7/o7?6 
lo.7roc«2 

10.749270 

"o.748r!9 
10.747809 
10.747080 
10.7465/2 
10-74/626 
10.744900 
10.744176 
i».74!4/! 
10.742751 

10.742010 
10.7412SW 
10.740/71 
10.7598/4 
loTWM? 
10-758422 
10-757708 
10.75699/ 
10-756285 
■°.71//72 
10.754862 
10.7541/3 
■°-7)544f 
■o-7!2759 
10.752055 

Tanitnt 

9-991217 
9-993197 
9-99?  171 
9.99?  149 
9.993127 

999^104 
9  993011 

6 
6 

^      6 
i    1   6 

S    e 

9  2«174 
9  2rj2TO 
9  2Jt824 
9  2j6k7 
920269 

9.2f098o 
9.271677 
9-172373 
9.2^3067 
9-273761 

92f7990 
92/8710 
9259429 
9260146 
9260S6) 
9  261/78 
9  262192 
9j6;oof 
9  26;7i7 
9,264^28 
9  2«ri!8 
9  26/847 
9266/// 
9  267261 
9  26-567 

9t17447-, 
9.2/7144 
9-277834 
9276723 
9-17711 1 

9.277898 
9.178783 
9.179268 
9.279971 
9.26c^33 

Degree  79.                        | 

Degree  lo. 


M 

33 

?4 
3£ 

3^ 
37 
38 

39 

40 

4« 
42 
43 
44 

1£ 
46 

47 
48 

49 

£2 

fl 
J* 

f3 

f4 

££ 

57 


Sine 

9.2606:;; 

9.161^14 
9.261994 
9.26267; 
9.26;  gfi 

9^264027 

9.26470; 
9.26f;78 
9. 26605'! 
9.26672; 
9.267j9f 

9.268o6f 
9.268754 
9.269402 
9.270069 

9.271400 
9.27206; 
9.272720 

9.27;;88 
9.274049 

9.274708 

9-^7T?<S7 
9.27602^ 

9.276681 

9-^77;^7 

9.277991 
9.278685' 

9.279297 

9.279948 

9.280x99 


* 
9.9^1666 

9.99264; 
9.992^619 

9.99^571 
9'99^f49 

9-99ir2f 
9.o92foi 

9.99^478 
9.99245-4 
9.9924;o 

9.992406 
9.992;82 
9.992  ;62 

9-992;;  r 

9-99^;  1 1 

9.992287 
9,99226; 

9.992239 
9.991^214 

9.992190 

9.992166 

9.992142 
9.992118 

9.9920^ 
9.992069 

9.992045' 
9.992020 
9.991996 
9.991 971 
9-99^947 

Sine 


Tangent 

»26y^ 
9.268671 

9.269;75' 
9.270778 
9.271479 

9.271470 


9.^72178 
9.272876 

9.27?f7; 
9.274269 
9.2749^ 

9.275-618 

9-27%  I 

9.277043 

9.277734 
0.278424 

9.2791 13 

9.279801 

9.280488 
9,281174 
9.28i8jr8 

9.28  25-42 
9.28  ;22x 
9-283907 
9.284^88 
9.285-268 

9.285546 
9.286624 
9.287;oi 
9.287977 

9.28865-2 


0.7320;; 


0.731329 

o,7;G62jr 

0.729923 

0.729221 

0.7285-21 


0.727822 
0.727124 
0.726427 
o.72f7;i 
o.72fo;6 


0.724542 
0.723649 
0.72295-7 
0.722267 
0.721 576 


0.720887 
0.720199 
0.7195-12 
0.718826 
0718142 


o.7i74r8 
0.716775' 

0.71609; 

0.71/412 

0.714732 


0.7140^; 

0.713376 
0.712699 

0.71202; 

0.71 1  ;48 

Tangent   IM 


JO 


27 
26 

25; 

24 
23 
22 
21 
20 

19 
18 

;? 

14 
13 

12 
II 
10 

1 

4 

3 

2 

I 

o 


Degree  79. 
Gg  3 


Degree  ii. 

M|     Si« 

Tangent 

9188672 
9189516 
9.189999 
9.290671 
9291542 
9.29201 5 
9.291681 
9.193570 
6.294017 
9.194684 
9197549 
9.196015 
9-256677 
9-197559 
9.198001 
9.198661 
9199511 
9199980 
9.500658 
9501297 
9-501971 
9.501607 
9-505261 
9.505914 
9504767 
9.507218 
9507867 
9506719 
9.507163 
9507811S 
9.508465 

10.711548 
10.710674 
10.710001 

10.707518 
10.706670 
10.707985 
10.707516 
10.704671 
10.705987 

10.701999 
10.701558 
10.700673 
10.700010 

60 
ft 

r« 

y4 

73 
fl 
!' 
t! 

1? 

J^ 

S£ 
44 
41 
-41 
41 
40 

It 

51 
54 

!! 
3> 
31 
B 
M 

' 
z 

'3 
4 

J. 
6 
7 
8 
9 

lo 

II 
II 
I! 
■4 
If 
i6 
17 
|8 
19 

2G 
II 
11 

1! 

14 
If 
lis 
17 
18 
V 

32 

5.l3or99 
S.131119 
S.1S1897 
9-i5lf4+ 
9.185150 
9.i!!8;(i 
9.134480 
9.18JI14 
9.28^766 
9.186408 
9.1S7048 

9.187633 
9.188516 
9.18S964 
9.185600 
9.290156 
9.190870 
9.191^04 
Sri92l57 
9.151763 
9395399 

91546?; 
5.197186 
9297915 
9.156^-59 
9.197164 
9.197788 
9.298412 
9.199054 
9.299<rf 

9:991947 
9.991912 
9.991897 
9.99187; 
9.991848 
9.991815 

9.991799 
9-991774 
9991749 

9r-:-J4 

9     '-'1? 
9.     .''4 

9      -^9 
9,;;;r,i4 
9.99IJ99 
8.991  f  74 

9.991749 
9.991714 
9.991498 
9.991475 
9-991448 
9.991411 
9951597 
9.961571 
9.991546 
9.SI91511 
9.991197 
9991270 
9.991144 
9.99121J 
9991195 
Sine 

10.697595 

j°-|9H!! 

IC'iyif57 
TngcDt 

Degree  78. 

Degree  i  r . 

M 

Sine 

Tanient 

■i 

9.i9(;6fr 

9:^1191 

9TqM^ 

io.6t!ir57 

50 

51 

9.J00176 

9-991167 

9.109109 

10.690S91 
10.690146 

t* 

9-!oo89f 

9-';9"4i 

9-;o97r4 

!! 

9.?oiri4 

9-99' '  1  f 

9-Jio?99 

10.639601 

« 

9-)<ui!> 

9.99109'-- 

9.?  1 1041 

io.6339ra 

!f 

9-^0^749 

9-99''-''-; 

?:|!^i68f 

10.6335  If 

;< 

9.!o!l64 

9.99105'. 

9-?iiU7 

19.687675 

)7 

9-?0?979 

9.991  Ol  J 

9.511965 

10.637051 

)« 

9-;o4f9? 

9.99095'i 

9.p;6o5 

io.63(S;92 

« 

9-WS07 

9.9y^96c- 

9-;  1447 

9'li+83f 

10.63  r7y-5 

40 

9.50/819 

9-9909  M 

10.685115- 

41 

9.)0li4;o 

5.59090^ 

9?';fj; 

10.684477 

4» 

9.;o704J 

9.<,9g332 

9.;  1 61 5-9 

10.635841 

4i 

9.J076fD 

9.9905  ff 

9.^1 679r 

10.635105 

44 

9-lo8zf9 

9-59oS;i, 

9-?  17410 

10.631570 

1£ 

9.;o88(S7 

r^i'3-\ 

9.:?i8c64 

10.681951s 

4« 

9.505474 

9-9!.o77-;l 

9-;iSi647 

10.681505 

47 

9.510080 

9-9S07r-  1 

9-1i9??o 

10.680670 

4S 

9.5ic<iSf 

9.'---'l 

9.^19961 

ia.680059 

49 

9.511289 

9---.-'-  ■■■ 

9.;ioj'92 

10.679403 

£2 

9-5">899 
9.51249/ 

9.'-.-6.i,-| 

9.511111 
9.51181-1 

10.678778 

8 

10.678149 

f» 

9.515097 
9.515698 

9.9',.  6]  : 

9.312479 

io.6775'ii 

f) 

9.950591 

9r32?io6 

10A76894 

7 

r4 

9.514197 

9-99o;^f 

9-513735 
9^245j8 
9.5x498} 

10.676167 

9.514897 

9.99or;S 
9.9905-1 : 
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49 

9-ff»14 

9.97)489 

9-rr6727 

"o.44)>7/ 

" 

£2 

9132.(1? 

9-97J44! 

9-ff7'2i 

10.442879 

10 

f 

9fW'r 

9-973)98 

9-ff7)-I7 

1044I08S 

I 

f» 

9.J'?I»«f 

9.97))r2 

9-ry79" 

« 

9.r?i«i4 

9-97)  )07 

9-rf3)oS 

■  044169) 

7 

f4 

9-n"S«J 

9.971261 

9.ff'70" 

10.441298 

6 

a 

9.nnii 

y-97)'lf 

9.fr9097 

1044090) 

s 

j< 

9.f)2«l 

9-97)l«9 

9-OT49I 

9.m88r 

10.440/09 

4 

55 

9n)«9 

9-97}"I 

1044011/ 

3 

9-m)n' 

9.97)078 

9.^0279 

104)97" 

z 

i 

9-n!704 

9-J7)o» 
9.9729*6 

9.(fe(S7} 

104)9327 
10438934 

* 

9.fM0J2 

9.l6ic« 

0 
M 

Sic 

TanltM 

Degree  70.                      | 

Ub  4 


Degree  xo. 

M 

Sine 

Tangent 

"o 

9H40j[2   9.97298^ 

j.s6io6$ 

10.458954 

60 

9-r?4W  9-972940 

M^Hf9 

10458541 

H 

X 

9-r)4740 

9-972894 

g.f6i8ri 

10458148 

5 

9.f«09i 

9.572848 

',:& 

10457756 

57 

4 

9r?I4!7 

9.972801 

10457564 

16 

i 

9f!r78' 

9iZ»2fJ 
9-972709 

9-5*5028 

.0436972 
10456580 

II 
54 

941<129 

9^65419 

7 

?J|SS 

9-9726«? 

9:f653ii 

10456.89 

f) 

.8 

9.972«i7 

9.564202 

10.455798 

5> 

9 

9-yi7'<>! 

9-972r7o 

»-f64r9t 

1043x407 

f. 

10 

II 

9I1'J5Z 
9-r!78ri 

9.972124 

9-564985 

10455017 

9-972477 

9-56^575 

10.454627 

tz 

S./i8i94 

9-972431 
9-972584 

9f6r765 

.0434257 

■3 

9.JJSS80 

956615-5 

.0455847 

47 

■  4 

9.972158 

9   «    2 

.0-45  5457 

4* 

J6 

HiJiii 

9-972291 
9-97224; 
9-972198 

9    6_. 
9  f)     -0 

.0455068 

11 

44 

9/!9!«f 

10,452679 

'Z 

9-f!99?7 

9  »  -^ 

.0452291 

4! 

iS 

9.r40149 

9-97«ifi 

9       n 

10451502 

4> 

•9 

9.5-40^90 

9-97210^ 

9          6 

.043ifi4 
10451126 
.0450759 

4" 

xo 

SI 

9-f409^i 
9.J41272 

9-972ora 

9         '1 

9.972011 

■12 

9.J4i«12 

9.971964 

!>  t,    ^ 

.04505fl 

38 

»?' 

9-r4'9fl 

9971917 

9r7oo5f 

.0-429964 
.0429578 

12 

M 

9.r4i29» 
9-f426?2 

9-«W 

9.971870 

9-570425 

9-97.825 
9.971 77« 

9.570809 

.0429191 

31 
34 

9-571 19f 
9-r7i58l 

10428805 

«7 

9.f4!JIO 

9-971729 

10428419 

55 

»8, 

»-r4!<'49 

997i«82 

9-571967 

10458055 
10427648 
10427261 

3» 

»9 

9H3997 

9.971631; 
Sine 

9-172)15 
9-r7275? 

3' 

.£■ 

9-f44W 

35 

M 

.       ■    . 

Tmiat 

Degree  «j.                      | 

■ 

.   • 

.-^ 

M 

55 

Sine 

%a4!if 

1' 

W44«! 

?> 

M4f«» 

« 

W4r«« 

S-r45674 

M 

% 

w 

i>.r4foii 

i;?:^? 

)» 

»-r470I9 

w 

!l-f47«9 

4' 

9.^48014 
9.f4S|rS 

4* 

41 

44 

9.^49026 

4) 

JJ49»*> 

46 

9f4S*)| 
9.Jf00lS 

4a 

9rp>jr9 

4!< 

9fl«^ 

Si 

9.rrio24 

9-tri«r 

9.fyi687 

T1 

9.ff20lS 

J4 

;:» 

f5 

9-rr?o>o 

l^ 

9mi*» 

9ffW<! 

!' 

9.rf40oo 

SifffiS 

Degree  20. 

Tangent 


9-97' f8B 
9.97 'rio 
9'97im 
9.971440 
9-97"  398 
9-97"  in 
9.97  ijoj 
9-97 1  ifS 
9.971208 
9.971  i£i 
997nii 
9-97ic6f 
9.97101S 
9.970970 
9.9709M 
9.97c«7} 
9.970816 
9.970779 
9,97^-11 
-      c6^, 

9.97- .rjs 
9.970490 
9-970441 

9-970I94 


9.97oWf 
9.970297 
9-970H9 
9.970ZOO 
9-970'r* 
Sine 


9T7V^!Ji 

9.576^6 
9.S'77Ui 


<>J7S24J 
9.f7!^6-i 

9.f>r:.r.9 

9-;i*4'77 


042^041 
,o42nSf9 
.0422277 
042 1 896 
I042t5'i4 


>04ini) 

0.410371 
041  <^i 


041^31 
04iaSf[ 
0418472 
:o4iSo$2 

:o-4'77ij 


'o-4i7J3r 
:  04169/6 
,0416^78 
:o4i62oo 
04iy8i3 


Degree  69. 


Degree  ii. 


u 

Sue 

1 

'2 

3 
4 

r 

9-}f4987 
9!!n'! 
9-ffJ*4? 
9-rjr97I 

9-9701  f2 
9.97010? 

9'/'.-5't7 
?■"'-'■  9 

7 
8 
9 
lo 

9.f/«i99 

9.rr6626 
9-!^n 

9-sr^ 

9...:..,:'i> 
S    •      11 

II 

'( 
14 

9r!»r'i 

9!!^P9 
S-OT1S4 

9 ''« 

9.:/.,4«9 

9.iri'y;(9 

II! 

■7 
I8 
■S 

20 

9-JT9Jf8 

9.J<oio7 
9.fforji 
9J*=8fr 

S.'.l'-JiTo 
9-  '"(-,-•1 
9  -l,---! 
9  (■  :-,) 
9  ■'"'■'» 

11 

«4 

9.1<1178 
9.5tflcoi 
9.f«l8i4 

9.rtf2468 

9"  '-4 

17 
l3 

9-J*i790 
9.f<!iii 
9I<M« 
9-!<57f4 
9.1*407r 

9  ii;;^ 

9.9«8i7 

?;|?8?S 

.    Sine 

9.f84I77 

io.4if8ii 

9-rf4rfr 

9-f8491« 

9.^86061 

9-f8794i 

io.4,j44f 
10.4I/Q6S 
10.414691 
I04i4;i4 
io4i;9;8 

itMUflil 
io.413l8f 
10411800 
104114J4 
!o.4IiOf9 

9.f88ji6 

9.,8944o 
9f89Sl4 

10.411684 
I0411309 
'o.4io9?4 
10.410^60 
10.41018; 

9.!-9oi88 
9.f9oflSi 

9.f91Joi 
»y9i<8l 
9reioj4 
9.;9241<i 
9.591798 
S.J9!17o 
9.«<Hf41 
9.f9»i4 
9.f94;8{ 
9-f»4«f< 
9.f9fo»7 
f-!9!if7 

10.409811 
10.408519 

1040794* 
10407574 
10407201 
10.406819 
io4D&ff7 

10406086 
lo.4or7i5 
1040^44 
I040107J 
1040,601 

Degree  68. 


Degree  XI.                        j 

M 

Sac 

Tjngent 

B 

9-7<-P7r 

g^/V!67^ 

9-T9?i97 

10404^1 

52 

31 

<>r«4)S<S 

9.90^;;^ 

9r9f7li8 

10.404231 

29 

;i 

9-r<47i« 

9.'/iSr7S 

9.f 9*138 

10403861 

IS 

93 

9.y«fojS 
9-f<i;li7!' 

9.;,«ii25 

9.f9(!roS 

10.403491 

27 

i4 

9-'<i!4?1 

9.r96?7S 

10403122 

t6 

il 

9.'.61;='l 

9197147 

104027f3 

11 

f6 

S>-;<itSff 

9.0^-,-: 

9.t97«i« 

10402384 

14 

37 

r^lt 

9.',fi::i 

9f979Sr 

ia40ioif 

13 

38 

9.<;6^i7'i 

9r98?J-4 

10401646 

il 

^ 

s.r«,fi 

9.»6^::^ 

9.5-98711 

10401277 

21, 

42 

Wl7ii9 

9.',6Si?S 

9;£592i 

10400909 

10' 

4' 

9.rt7f87 

9.s6ii2S 

9-)''i0ar9 

lo.4ooj'4i 

\l 

42 

9-y«7904 

.9.JI8078 

9.ref.'»7 

10400171 
10.3998i<S 

41 

9.fS5221 

9.9<93i7 ; 

9.fc;ir4 

17 

44 

9-f«f;» 

9.-/-f.-7i 

97.  -7'»z 

10.39943S 

16 

4£ 

9.f«83r, 

S-'.fiT,:- 

9'!-V'=-£ 

10J99071 

IX 

46 

9.rf9l7; 

9.<4-l-o 

9.-^7,  7  76 

10.398704 

»4 

2 

?:;§f4 

9-:/>7^:<i 
9-'/^"77f 

9.<».K/.z' 

10.398357 
10.397971 

>3. 

49 

9.(70120 

9.«<;77:>- 

9-'-.7;;7)f 

10.39760^ 

11- 

9.r7o«f 

9-f707ri 

9-f67'>74 
9-9''7^:) 

9-6: -i --7 

10.397139 

10. 

1 

10.396373' 

S'- 

9-r7io*f 

9.96^77; 

im 

ia296fo7 

fi 

9.f71}8o 
9-f7"»9r 

J;«-r:' 

10.396142 

7 

f4 

9.rf-ri 

9.67477, 

10.39S777 

6 

^^ 

9.rw>09 

9.06-4;-. 

g67|r-,8 

10.39f4n, 
"O.39fo»7 

4 

?:5?^J5J 

9f,67]7o 

R 

9.t,^7;ii 

9.60^81 

I0.3946S3 
■0.394418 

%. 

fl 

9-n2949 

9.c«7i65 

2 

g 

9.;«7"- 

9.606046 

I0.3939f4 

,", 

9-f7Wr 

9.^S7i':'> 
Sine 

2^0*405 

10.J5P3f9O 

»o' 
M 

T»je«. 

Degree  <8.                       | 

Sdc 


9-r7VCC 
9-r7iSi<t 

9-f748i4 

9-S7SUy 
9-r7S7S^ 

9-f7^89 


^6711/ 
9.5tf7c<S4 

<;.^67oii 
9.9665^1 
9.56691c 
9.5665  (-9 
9.(,6(iSo- 
9.'^667f6 
9-5667or 


9.S76999 

9-^77^1 8 
9-S779zy 


9-f78f4f 

$'$79^69 
9-rJ97ri 
9.J80084 

M8069S 

9.^8100^ 


Tmgait 


9.^8  i6i3 

M81923 
9.^82129 
9.rt2f;4 


^t.966652 

9.966499 
9.966447 
9.966^1 
9.966;44 
9.966192 
9.966140 
9.966133 
9.9661  j6 
9.966034 

9.9660;  2 

9.96^-980 

9.56>9z3 
g-50TS76 
9.96J-S24 
9-&6I77* 
9.56f7zo 
9.96J668 
9.56;6Tf 


5^606402 
9.60677: 
9.607146 

9.607JO0 
9.6^7^62 
9-6s8ity 
9.6a8fS8 
9.6039513 
9,609512 
9.6096-4 

9.6iL.;.>7 
9.61^7,-8 
9.6111,9 
9.61 1 4S0 
9.61  i34_i 
9.611201 
9.61  If  61 
9.611921 

g.6i;64i 
9.61 4000 

9.61471! 
9.61/077 

9-61J793 

;9.6l6lfl 

9.6i6fM 
9.6 1 6Sii7 
9.617214 


10^93^90 
10.393227 
:o.J92S63 
10.392^00 
10.392137 
o-3?'774 


10.391412 

10.391 

lo-jiK 

10.390316 

10.389964 

10.389603 

10.389241 

10.388330 

lb.  388/20 

io.388ij-y 


10.387431 
10.387078 
10.386719 


10.386000 
10.38/641 
10.38/282 
io.3S49'23 
10.384/6/ 
jp.384207 
10.383448 
10.383491 
ia3a3i33 
,10382776 


Tmi{c(U 


Degree  67. 


Degree  xi.                      | 

m' 

1 

3' 

;• 

33 
34 

39 

40 

7 

4« 
43 
44 

% 

:? 
49 

f 

f> 
r3 

f4 

i 

Sine 

99«f«i_f 

9  96rr^3 
99«rfiii 

996r4r8 

996,406 

9  96r3r3 

Tafmt 

'9617114 

o,6"i77i"' 
,.o,7,;8 
9.6i5i9, 
9,6i36r2 
9.6i9oc8 
9,6,9;64 
9,6[(|-;o 
<i/.i:o76 
9.62.-.4?2 
9.61C.7S7 
9.611141 
9-6ii-}'^'7 

1  ■j.6ii:LL6 
j<.6i:f6i 

9-6.191  r 

l9-^2r;69 

I9.6i;6z3 

9.6;  463'! 
9.6iy.:.i6 
V.6in13 
'^.6!!74l 
9.616^ 
c..6i6n.r 
g. 6 16797 
9.61-145 
9.6 17  f  01 
fi.6i7Si-i 

t 

3£ 
11 
11 

H 

24 

11 
10 

1 

5 
;; 

10 
1 

I 

S 

4 
? 

1 
I 
0 

H 

9r  "4 

9!        I 
9  y^  +f9 
9f 

9  154  t 
9f  4  « 
9r5 

yf  6  79 
or  64^ 

9f  S3 

9r<   sr 
9.f     _^ 
9  1?  6  7 

H      1 

I       1 
4 

9  n  ii^ 

9  [9  8  8 

10.^8x776 
.0.382418 
10.382061 
10,38 1 70J' 
10.381348 
10.380992 
10.38063  f 
10.380279 
10.379924 
10. 379^68 
10.379213 
io.;738j'3 
10.378703 
I  a  378 148 
IO-377793 
IOJ77419 
10.37708  J- 
id.37673i 
10.376377 
10.376014 
io.37f67o 
I0.37J-3I7 
10,374964 
io.;746i» 
ia374if9 
10.373907 

1 0.373  W 
10.373203 
io.?7»8fo 
10.372499 
10.371148 

9  9«r3o" 
95<fJ4« 
9  96ri9f 
996fI4! 
9965090 

999ro37 
9^64984 
9964951 
9964978 
99648jr 

9964668 
996461, 

9  964f6o 

9  964,07 
99644,4 
99&4400 
9964547 
9564194 

9964240 

9964080 

996402* 

Sine 

Tag«.t 

Degree  a}. 

M 

Sine 

Tangent 

2 

9.^91878 
9f9»i7f 

9.i;64026 

96:7'ir2 
9-625103 

io.?72i48 

9.9<!97i 

io.;7i797 

9r9M7i 

9.9<i)9i9 

9.6;!  554 

10.57144* 

9.592770 

9.9<l86f 

9.613905 

lo.;?!©^^ 

r 

9-f9?0«7 

9-96?SlI 

9.629155 

io.;7o744 

f< 

'i 

9-f9310^ 
9-f9?«f9 

9  9<?7n 

96296r<I 

(  596 

10  :i7on94 
10  370044 

5-4 

99*;7oi 

7 

9r959rr 

99«;(Sro 

6 

0  36969+ 

!t 

8 

9.f942ri 

9  56^rs* 

0  369344 

!' 

9 

s-!wr/ 

9  9«3r41 

0  368g9r 

!• 

9.^94842 

9  963488 

1          _t 

0  i6364.r 

50 

II 

9r9fi!7 

9  9'S?4J3 

4 

10  36325(6 

49 

11 

9r9f4!i 

9  9<1!79 

'        3 

10  367947 

48 

1? 

9-r9{7'7 

9S««2/ 

1     6  2 

I  a  367^58 

•tT 

14 

9.f5fo21 

9  9*3171 

f: 

10  3671^0 

4« 

if 

9!-9<jlf 

9  9<12  7 

3 

0  ^66qOl 

il 

t( 

9.fs«(>io 

9963  02 

0 ^66rsi 

44 

17 

9-f9*»l 

99<!  oS 

10  366205' 

43 

|8 

9-TO19« 

99«!of4 

036^817 

43 

IS 

9;9749o 

9962999 

io36rrio 

41 

lo 

9-;9778? 

2        r 

I0  36fi62 

40 

21 

9-r98o7r 

9           1 

5 

10  36481  r 

39 

22 

9-r98Hi8 

9         !« 

0364468 

!« 

«) 

9.re8«fo 

9         <■ 

"     s 

10  3641 II 

37 

*4 

9.y989fl 

9           « 

6 

0.363774 

3< 

If 

9.W244 

2.        = 

0 16^418 

35 

1< 

9r99n<! 

9           7 

10  ;63o8i 

34 

27 

9J99827 

9  96jr62 

\lf^^ 

33 

28 

9.600118 

99625-07 

31 

29 

9.&0409 

996245, 

6 

10  362044 

3' 

32 

5^600700 

9S<2198 

0      3     I 
1        ~ 

10  361698 

Tangent 

32 

M 

Sac 

Degree  65.                        ) 

Degree  ij.                      | 

M 

i> 

? 
M 

r 

li 

40 

4" 
4» 
4! 
44 

4r 

? 

J? 
49 

J' 
f« 

r; 
» 

}« 

Sine 

9.962398 

Tangent 
9.63'?3oi 
9-633647 
9.638992 
9.639137 
•1.63963; 
o.6ioo27 
9.640371 
9-640716 
9-64  ic6o 
9.641404 
9.641747 
9.641091 
9.641434 
9'5lV77 
9643120 
1^643463 
9-64  lSc6 
9.644149 
9.644493 
9-64;53i 
9.647174 
<.64fti6 
9.64TSt7 
9.646199 
t;.6.]6r40 
9.6463  =!i 

9-647111 
9-647762 

9.647903 
9.64'3-lJ 

9-6-tSffii 

30 

If 

11 
u. 

M 

« 
11 
io 

;i 

\i 
11 

14 
■» 

II 

10 

f 

I 

J. 
4 

! 

I 
1 
0 

H 

9.6c-:)7oo 
9.6:09^0 
9.63ii3o 

9601149 

<).fo24;9 
9.631718 
9.60  JO  17 
9.60J30J- 
9.603  r94 
9.6o?83i 
9.604170 
$.<So44r7 
9.604745- 
9.6ofoqi 

10.361693 
10.361 55-3 

10.360661 
10.360  J18 
'o-^f9971 

9.962U1 
9-962238 
9.961131 
9.961178 
9.961121 
9.962c67 
9.961011 
9.961 9r7 
9.961 901 
9.561  S46 

10.379619 
10.370184 
10.378940 
10.378796 
10.378173 

9.96 179 1 
9.9617V 
9.961690 
9.961614   - 
9.fl6i  769 

10.3^7909 
io.3j7y66 
10.3*711; 
10.376980 
10.376737 
10.376194 
10.377872 
io.3rfno 
1 0.3  7f  168 
10.374826 
io.3f4484 
10;3y4l41 
io.;7-38oi 
io.3r346o 
io.?7;ii9 

9.60  f  606 
9.6=fS92 
9.606179 
9.606467 

9.961  fij 
9.96 1 4j« 
9.961402 
9-961146 
9.961190 

9.6c*7ro 
9.607036 

9.637321 
9Jfc76o7 
9.007892 
9.603176 
9.608461 
9-fc374f 
9.609019 
9609313 

9.961235- 
9.961179 
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9-9479-9 
9.947S6; 
9-947797 
9-9477  U 
9.94766f 
9-947/99 
9-947/;? 
9.947467 
9.947401 
9-947in 
9.947169 
9.947203 
9-9471  }6 
9.947070 
9.947CC4 
9-9469J7 
9.946871 
9.946904 
9.946755 
9.946671 
9.946604 

9-946  ri7 
9.946471 

9.946404 
9-946137 
9^946170 

<j.946ioi 
9.9461  ^6 
9.946^^ 
9.946001 
9-HS9-iJ 
Sine 


5-71678? 
9-71709? 
9.717401 
9-717709 
9.718017 

9.7i8j2r 
9.7186)! 
9,718940 
9.7J9H8 
9.7i9rfr 

io.25;/2? 
.0.23311/ 
10.282907 
iai3i/98 
10.181190 
10.18198) 
io.i3i6f^ 
10.281)67 
io.i3io6o 
10.1807/1 
10.28044/ 

9.7.98«. 
<^7io(69 

9.710476 
9.710781 
9.711089 

^711  w 
9.711701 
9.711008 
9,711}!/ 
9,722621 

94711927 
9.711192 

9-71  ?ri8 

9.72584; 
9-714149 

10.2801  )8 
10.279831 
10.179/14 
10.179117 
10-278911 
10.178604 
10.278198 
10.177991 
16.27768/ 
10.177)79 
10.17707) 
10.176763 
10.176462 
1 0.2761/6 
10.17/8/1 

9.7244/4 
9.71475? 
9-7iro6/ 
9-7ifJ«9 
9-711674 

16.I7//46 
10.17/440 
1 0.2749)  r 
10.1746)0 
io.i74;» 

t«HS»« 

114 


Diegr^  a8. 


M 

-Sine: 

9.67 16>-^ 

I 

9-671347 

z 

9,67iu24 

9-67J;:i 

4 

St-67irtS 

t 

9.6:i7Qf 

6 

9.67  ^G  J - 

7 

9.67  ?:6S 

8 

9-67?fcj 

9-r7;74i 

9.^7 1977 

II 

9.674^1; 

11 

9-674448 

i; 

9.6746S4 

H 

9.674919 

If 

9-67  p  T4 

lis 

9-%l39 

9-67y6i; 

iH' 

9.67yS;4, 

9.^-6094 

9.^76  ;i3 

21 

9.676  fi5i 

21 

9.6-67<,6 

*? 

9-677o;o 

»4 

9- 677^64 

If 

9.6-'7497 

^6 

9.17771' 

17 

9.677964 

la 

9.67s  197 

»«) 

9.67S430 

;o 

9.67866) 

■■•;4i'9ij 

y.94r86q 

o-94)-8oo 
9-94f753 
o.94ffi66 

9-9+rni 
9.94r46; 

9-94i';9<S 

9.94r;is 

9.94r£6i 

9.94  f  1 93 
9-94ri2f 

9.94  Co;8 
9.944990 
9i5449ii 

9.9448  f  4 
9.944786 
9.944718 
9-9446J-C. 
9-944r33 

9-944i''4 
9.944446 
9-944377 
9.944)09 
9:944241 
9.944 1 71 
9.944' 04 
9.944010 
9-943?67 
9^;^S 

Sine 


TaogCDt 

9-7tr674 

9-71^979 
9.726184, 
9-7iM8 
9.716891 
9727197 
9-7i7foi 
9.72780; 
9.718109 
9.718412 
9-723716 
9-729020 
9.72932; 
9.715026 
9.719919 
9-7?oi;2 


9-7?or?j- 
9.7308^8 
9-7;  114' 
9-7? '44? 
9-7;  1746 
9-7^1048 
9-7?iJfi 
>7S»n 
9-7Ji9J-y 
9-73  ilf7 
9-7;?ff8 
9-7J38&) 
9-734'6i 
9-7344«3 
9-7347<4 


io.274.;2<S 


io.2679j'2 
10.26764,9 
ia267347 
ia267045 


Tngeot 


Degree  61. 


Degree  s8.                        | 

M 

)o 
!■ 
)I 
)» 

34 

1 

39 

40 

4' 

4» 
41 
44 

% 

49   . 
12   . 
!' 
1' 

a 
«  i 

ss 
SI 

Sine 
9-67S663 
9.67889F 
9.679118 
9.679360 
9.679791 
9-670824 
9.63oof6 
9-6fci33 
9.69ori9 
9.6807  ro 
9-680982 

9.94)893 
9.94)8)0 
9.94)761 
9.94)691 
9.94)614 
9.94)rrr 
9.94)486 

9.94)4'7 
9.94  ))48 
9.94)179 
9.94)i'o 

9.94)141 
9-94)071 
9.94)0=) 
9.9419)) 
9.941864 
9.-941797 
9.94i7ir 
9.942676 
9.941787 
9.941717 
9-941443 
9.942)78 
9.941)08 
9.9411)9 
9.941169 

ITanseM 
9-7)4764 

12 

11 

>7  . 

13 

12 

1 

If 

>?  r 
12 

9 

8 

I 
_x 

4 
? 
2 
■1 

0 

H 

10.26^2^6 

9.7)7666 
9.737)61 
9.73f«8 
9.7)79f8 
9736269 

9-7)6770 
9.736870 
9-7)7171 
9-7)7471 
9-7)7771 
9.7)8071 
9.7)8)71 
9-738671 
9-718971 

9-7)9770 
9.739870 
9-740169 
9.7404«8 
9.740767 

10.264934 
10.164633 
10.1643;! 
IO.I64OJ. 
10.2637;! 

10.263430 
10.263130 

ia2623a.9 
ia262ri9 
10.262229 
10.261929 
10.261619 
ia26i329 
io.26toi9 
ia26o729 

9.6Siir3 

.651904 
.6321  )r 

.6S.;6r 
.6sif9r 

.68iorr 
.68)184 
6?)ri4 

.65)74) 
.68)971 
.684101 
.654450 
.6846^8 
.6843S7 

.6Snir 
.Mr!4) 

.68rt7i 

10.260450 
ia26oi3o 
10.2/9831 
to.2f9r?2 
1 0.17919? 

loiifSS^r 
10.218336 
io.2f8o)3 
io.2f77W 

9.741066 
9.741567 
9.741664 
9-741961 
9,74x161 

9-741779 
9,741878 
y.743176 
9i74)474 
S>.743771 

9.941099 
9.941029 
9.941979 
9.941889 
9.941S19 

ia2p44i 
io.ir7i4i 
io.if684± 
I0.2j'6f46 
10.2^6248 

TlDgCDt 

Sine 

' 

Degree  6  s. 

Degree  29. 


u 

sine 

0 

1 

9-63  rrr  I 

9,63  f799 

1 

c.CSfoi? 

i 

<  .';Wif4 

4 

(,'>^ri45i 

t 

^.  6 -.1^709 

6 

V.6ii69;6 

7 

9.687161 

H 

9-687589 

V 

10 

9.687841 

It 

0.6SS069 

IS 

9.688i9f 

1? 

9.688^15 

'4 

9,633747 

7 

(,.(493971 

16 

9.639198 

17 

9.639411 

lU 

9.639648 

19 

9.689873 
9.690093 

lo- 
ll 

32 

9.69or43 

^ 

9.690771 

*4 

9.6901)96 

17 

9.691100 

tZni 

38 

9.691891 

9.69111; 

» 

22 

9.691  ;^9 

g?4'8'9 

9.941749 
9.941679 
9.941609 
9-94"  rJ9 
9-941463 
9.94M93 
9.941  ;i3 
9-94'ir7 
9.941 187 
9-94' "6 
9.941046 
9-94097f 
9.9409or 
9.040854 
9.54076; 
9.940695 
9.940612 
9-940fri 
9.940480 
9.940409 


9.940?  ;8 
9.940167 
9.940196 
9.94011  C 

9.94oof5 


9-9^99Si 
9939911 
9.939340 
9-91 9763 
95IS1697 
I     Sine 


Degree  $0. 


Tangent 


97WfI 

ia2f6248 

9.7440JO 

9-7^AH! 
9-74494; 
9.74f240 

9-74rF!8 
9-74t«lf 
9.74<11i 
9.744429 
9.74<7»lS 

iciffsfo 
laifflSfi 
'o.2Xr!rf 
■o.'frpf7 
lo.ir476o 
io,lJ44«i 

■'oiSfti^' 

"o."nf7" 

io.if;i74 

9.747015 
9.747|IS 
9.747»l< 
9.7479" 
9.748109 

lo.Jfi977 
io.af268o 
■0.2f2;34 
I0.afflo87 
10.2^1791 

9.749097 

io.jfl49>- 
Io.2fii99 
1 0.2^0901 
lo.2;c«b7 

t0.2J<}5II 

»74Wff 
9.7f028l 

»rfll<7 

IO.2f0Oiy 
IOJ45719 
10.249424 
10.249123 

lo.tt88)5 

9.7yi<& 

9-7mn 

W^Jofi 
9.7r»«7 
9.7r>»4» 

10.24808 
10J48241 
Io..47JtS 
lo.J47«J» 
■0.24r»f8 

Degree  29.                          | 

M' 

Sine 

Trnsm 

?o 

9-<5»«9 

isnbi 

9-7Fi'i4» 

Io.i47if8 

12 

?■ 

9^II<1 

9-9)9<>f 

9-7ri9)7 

10.14706! 

29 

;■ 

9-«9>78r 

9-9)9fH 

9.7ri»)l 

10.146769 

18 

;; 

S49)0OS 

9-9?948» 

9-7U!'6 

10.146474 

17 

34 

j4j)«!i 

9-9!94H' 

9-7f)820 

iat46i8o 

16 

1£ 

a»234l! 

9-9TO19 

9.7r4"f 

lo.i4t88f 

ir 

?< 

S««67l! 

9-919*^7 

'  9-7r44o9 

•O.J4OT" 

H 

57 

9.'..«H'« 

9-9!9'9f 

9-7H70) 

'O-Mf'97 

»1 

18 

5h.,  .i  lo 

9-9W"? 

9-7f4997 

I0.14J00) 

11 

?9 

5/,.,..  a 

9^7":! 

9-7rr«91 

10.144709 

11 

JO 

41 

9''       * 
S.6       * 

>       to 

H0f!4 

9-7rf878 

1^14441  f 

10 

10.144111 

4* 

9'-       ■? 

9-         If 

9.7J<17» 

10.141818 

4! 

9-'J        9 

9         •! 

9.7rMf 

'0.14?fW 

'I 

4« 

j>j..       0 

9.         II 

9-7967^9 

10.141141 

16 

41 

9"        ." 

9         S 

9.7r7ori 

Ip.i4J948 

ir 

4< 

9'        '* 

9:  .  ..  ^7 

9-7T7Mr 

I0.14»S/f 

•4 

47 

J"      ■! 

9-9J847!- 

9.7n<j8 

Io.24i]6i 

') 

43 

9./,-.,  4 

9.5)8401 

9-7T7MI 

101141069 

It 

49 

9.1,  •,  ,-4 

9.9;8);o 

9-7f8x24 

10.141776 

11 

C 

I'^^'S'i 

9-9!8ir7 

9-7r8fl7 

10.14148! 

10 

SI 

5.(„/,r„,f 

9-958  i8f 

9.7f88lo 

iai4ii9o 

1 

1' 

».6.,-jir 

9«8iIJ 

9-7f9"o> 

10,140898 

fi 

9-fi-i-.S 

9.918040 

?:?f^; 

10.140601 

7 

J4 

9.fyr:(^<^ 

■0.140J11 

6 

a 

jw-,3 

9-9?789f 

9j3?979 

iai4ooii 

J 

j< 

>(>..■.  ',! 

9-9?78u 

9-7&«7I 

10.X197»8 

4 

fs 

9...  ;i? 

9-9?72? 
9-93707HS 

?;SS^ 

10.IIJ144 
lai^SSfi 

2 

»6-,5-fI   9.J)7*I>J 

9.7*1147 

I 

>6v;9-o  9.9r7J!I 

?-7<I4» 

10,3185611 

0 

■-.     1-       Sine 

Tffltm 

M 

Degree  «o.                     | 

9^5*221? 


9.702669 

9.70188J- 
9-701IOI 


970^748 
9.703964 
9.704,1^ 


9.704610 
9.704820 
9.70^040 
9.70^254 


Degree  30. 

Tangent 

9.7617;! 
9.76202; 

9-761606 

9-762897 
9-7tfV88 
976?479 
9.761770 
9.164061 

9.764;  f2 


9.93^988 

9-9^r9H 
y.9;f^o 

9.05 f;** 
5;. -.-1:1-6112 

9-93fWI 


S7549)) 
9-76flH 
SI.7«fn4 
97«f8of 
9.76609f 
9-7«|8j- 

9.7«9«f 
9.7<7«ff 

9.7678)4 
9.768124 
9.76841 ) 
976870J 


o.2)8r<i 

IO.ZJ8169 
o.»;7977 
0.1^7686 
;o.2;7)94 
.IJ710! 


o.z;68iz 
q.x?6f2i 

0.2)62JO 

o.2)r9» 

0.2^^048 

"?fl?7 

2!fo67 

0.234776 

o.2;4486 


o.U39of 
'.2;j6if 
o.2jH2f 
o.liJ03f 
:Q.2n74f 
iai;24{f 
OL231160 
o.«!i87« 
:o,2?ir87 
0.231197 
0.23100S 
0.t307i9 
o.2;O430 
O.X30141 
J2?C 


Degree  59. 


Degree  50, 


MB* 


M 


Sine 


?o  9.70^469 

;i  9.70^68; 

;z  9.70^897 

??  9.706112 

J4  9.706^27 

?£  ?i7o6n9 

?6  9.7o67f? 

;7  9.706967 

?8  9.707180 

?9  9.7o7?9? 

40  9.707606 

41  9-707819 

42  9.7o8o;2 
4;  9.708245' 
44  9.7o84f7 
4f  9*708670 
^  9.708882 

47  9.709094 

48  9.709?o6 

49  9.7095'i8 
£o  9709750 

fi  9-70994^ 

5'2  9-71010 

y?  9.7io?64 

5-4  9.7iof7f 

yy  9.710786 

5'6  9-710997 

57  9.71 1208 

58  9.71 1418 

g  9.71 1629 
9.711839 


9r9?f?20 

9.9?f246 

9.93T171 
9.9?ro97 

9.9?5'022 
9.9?4948 

9.9?487? 
9-9?4798 
9.9?472? 

9.9?4649 
9.9?4f74 

9.9?4499 
9.934424 
9-9?4?49 
9.914274 
9.9?4i99 

9-914125 
9.934048 

9-93?97? 

9-9?3897 
9.9??822 

9-9?3747 
9.911671 
9.9115'96 
9.911^20 

9-911444 
9.9??  369 
9-91129? 
9.9??2i7 

9-911141 
9^066 

Sine 


Tangent 

9.770148 

9.770417 
9.770726 

9-77ioiy 

9-77110? 

9.77if92 

10.229852 

10.229  56  J 
10.229274 
10.2/8985' 
10.228696 
10.228408 

9.771880 
9.772168 
9.77245^6 

9.772745' 
9.771011 

10.228120 
10.227832 

10.227/41 
1 0.22725' f 
10.226967 

9.771121 
9-771608 
9-771896 

9.774184 

9.774471 

10.226679 
,10.226391 
10.22610^ 

I0.22f8l6 

10.22/529 

9-7747^9 
9-775'046 

9.775'111 
9.77/621 

9-77/908 

10.22f241 
I0.2249f4 
10.224666 

10.224379 
10.224092 

9.77619/ 
9.776482 
9.776768. 

9.7770// 
9.777142 

10.223805 

10.22?5l8 
I0.22?232 

10.222945- 

I0.2220f8 

9.777628 

9-77791  f 
9.778201 

9.778487 
9.778774 

10.222372 
10.22208/ 
10.221799 
10.221/13 
10.221226 

.V*^.^^»A 

Tangent 


29 
18 

27 

26 

2/ 

2^ 
22 
21 
20 

19 
18 

17 
16 

If 

13 
12 

If 

10 

9 

8 

7 
6 

j: 

4 

1 

2 

I 

o 
M 


Degree  5-9. 


Degree  ji.                       [ 

M 

Sine 

[ 

Taagcnt 

-^ 

HU?" 

9.'J!;o66| 

9-778774 

IC.11>126 

60 

9.712049 

9.9 1199c.  1 

9-779062 

I  c  110940 

^ 

9.712219 

9-9^"  14  i 

9'779M» 
9.779<S;» 

iD.iio6f4 

9.7>«4«9 
9-712679 

9-y;i3j5 

10.110)63 

n 

5-9;  1761 ! 

9.779918 

id.iiog3i 

si 

~6 

9.712889 

9-9nfi'Jfj 

9.780101 

10.110796 
10.1195-1  [ 

n 

9-71W8 

9-7|04»9 

7 

9.715)08 

9-9in;i 

9.78o77r 

lo.uoiij- 

n 

8 

9.711fl7 

9.9?  24  r? 

9.781060 

10.118940 

p 

9 

9.71372* 

9.9;i?So 

9.78 1  m6 

10.11  S6r4 

fi 

iT 

9-71  t9U 

9.o;i;o4 
9.9?m7! 

9.78  i6?i 
9.781916 

lo-i»3l69 

10.118084 

C 
^ 

9.714144 

12 

9.7i4)f2 

9.*;i2in 

9.782101 

re: 1 7799 

IJ 

9.714^61 

9.<);i074. 

9.782480 

10.117ft, 

47 

»  + 

5.714709 

9-9  V  9^3 

9.782771   10.Z17129 

«! 

If 

9-714977 

9.951  <)ii 

9.78^3^6  10.116944 

ir 

I< 

9.71fi8< 

9-91' ^4  f 

9.78ml    io.M66f9 

44 

■7 

9-71 JJ94 

9.91176s 

9.7S;6t6   ic.2i6;74 

43 

l8 

9.7if6oi 

9-9? '691 

9.78;9io   10.116000 

41 

■9 

9-71{8o9 

9-911614 

9-784i9f   lo.uySor 

41 

to 
ai 

9.716017 

9-9iif?7 
9.9514'^ 

9.784479  loi'rrio 
9.784764  ici-11  p.-,6 

40 
1? 

9.71<2H 

xz 

9.7i&4;i 

9.9;i;3i 

9.78f048   io.ii49fi 

') 

9.7i«99 

9.9^1306 

9.73faji' 10.114669 
9.78f6i6   io.zi4;S4 

17 

U 

9.716846 

9.9;i2io 

jS 

9.71700 

9-oii'rJ 
9.91 1 07r 
9.9^0993 

9-78r9oo  10.214099 
9.786184  10.115816 
9.786468    ic.ii;^^! 

31 
»4 

9-7172{9 
9.717466 

28 

9.717672 

9-oio<j-o 

9.78671-1   10.114143 

;> 

29 

9-717879 

9-9^34? 

9.7870^6   10.111064 

31 

32 

V.71808, 

9.9107^6 

9.787?I9  1C.1116S1 

32 

Sire 

1     Tjngrnc 

M 

Degree  $?. 

Degree  31. 

M 

s„    1 

T.llg«. 

5 
31 

9.7i8o8f:9.9?07« 

9-787319 

■0.212681 

3 

9.71 8 191 

9.930693 

10.212397 

;> 

9.718497 

9-930<ii 

10.212114 

33 

9.71 870  J 

9-930f!; 

9.788170 

10.211830 

17 

34 

9.718909 

9-9304  r« 

9-788413 

10.21 1H7 

■  0.2112ij 

10.210981 

2^ 

g 

9.71 9"  4 

9-930378 

9-78873C 

If 

24 

9.719520 

9-930300 

9-785019 

'J 

9-71 9  W 

9.930213 

9-789301 

10.210693 

23 

38 
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Sme   BOOKS    PrinfeJ  for  and  SoU  ly 

W/F  R  E  E  M  A  N,  at  the  Bible  in  Fleet-ftreet* 

Tkrc  is  nf wly  Printed  an  Excellent  Book,  Entttukd, 
Ar'ithmctUk.\  Or  the  Ground  of  Arts,  Teaching  that 
ftrrence  both  in  Whole  Numbers  and  Fraaions :  To  which 
ff  added  a  New  Treatife  of  Decimals,  Tables  of  Simple  and 
Compound  lotereft,  fy€.  By  Eitifivri  Mmtou^  Philomercat, 
trice  5  s* 

The  Elements  of  Enclii  Explain*d,  in  a  Vew^  bnt  moft 
tafie  Method :  By  that  Excellent  Mathematician,  F,  C.  F. 
Af/ftVf  de  Cbalei^  of  the  Society  of  Jeftif :  Now  made 
EugliOi.    Ptue  4  i« 

A  New  Method  of  Fortificathn :  By  Monfieur  de  Fauttn^ 
Eniineer-Genergl  of  ffMce.  Done  into  Engiilh,  and  lllit^ 
ilfated  with  32  Copper  Plates.     Price  6  s. 

The  Gentlemsfi*'i  Dilfmaryy  Explaining  all  the  Terms  re- 
lating to  the  Ridifig  and  Manage  of  the  Great  Hoffe^  the 
Mfit^ry  Art^  Artiffery^  Sec  The  Art  cf  Navi^atioM  and  Nd' 
val  Affairs.  Written  by  the  Sieur  QuiBet^  and  Dcdicarcd 
to  the  DAuphin  ^  With  large  Additions,  Alterations  imd 
Improvements,  and  above  Forty  Cuts  that  were  not  in  the 
Original.    Price  5  5. 

The  Contpiedt  Ihrfeman^  or  PetfeS  Fdrrrer ;  In  Two 
Parts.  T«  Difcovering  the  furefl  Marks  of  the  Beaaty^ 
Goodncis  and  Imperfe^ions  of  Horfes,  the  bed  Method  o( 
Breeding  Coln>  making  their  Mouths,  Dieting  and  Order- 
ing of  Horfes.  PartlL  Contains  che  Signs  and  Gaufes  of 
their  Difeafes,  apd  the  beft  Method  of  Curing  them.  Writ- 
ten in  French  by  the  Sieur  de  SoBjfeff,  Querry  to  the 
prefeat  French  Ring,  and  one  of  the  Roy;d  Academy  of 
pArit*  Abridged  from  the  Folio  done  into  Engiilh,  by 
Sir  VFiBim  Hope ;  With  large  Additions,  and  Direftioos 
to  the  Buyers  and  Sellers  of  Horfes,  in  8*^    Prke  5  r. 

A  Compter  Guide  for  fujHces  of  tie  Pesce^  Fn  Two  Parts ; 
Continued  down  to  the  End  of  the  Laft  Seffions  of  Par- 
limeuty  1706.  With  large  Additions  and  Improrements. 
and  Tivo  Orders  of  Seflious,  One  for  Limiting  the  Wages 
of  fevcral  Artificers,  Labourers,  Servants  and  ffusbanch 
men  i  The  other  for  Sctling  the  Rates  tobe  girot  to 
Carriers  for  Carriage  of  Goods,  tlf^"  Tnrrcr  before  Piiatetd 
in  any  Book  of  this  Kind.  By  J.  W.  of  the  Afiddle-Temtle, 
Barrifler.   *  Price  6  s. 

« 

The 


BOOKS  Sold  hyi  W.  Freeman. 

The  Laws  agaioft  BMMkntpis  Explain'd,  by  fereral  Cafti, 
Refolotioos,  Jungmeotsand  Decrees  both  at  Common  Um  aiNl 
10  Cbaacery  \  With  DireftioRS  for  Commtfnoners  and  Pre* 
cedents,  fit  tor  the  Pcmfal  of  Lawyersi  Merchants  toA 
Tradefineti :   By  Tho.  Goodinie^  Scr)eaot  at  Law.    Price  $  x. 

Sfficmd  Roni-cultKra ;  Or  die  Art  ofGardenini :  In  Three 
Books.  Treating  of  the  Excellency';  Situation,  Soil,  Wilkf, 
^c.  and  other  Ornaments  of  GardcBS  j  With  many  Rules 
and  DircdHons  concerning  the  fame.  Of  Winter-Greens, 
Flowers,  tsfc  of  the  Kitchen-Garden  ^  With  Inftruftbns 
for  making  Hot-Bedt,  altering  and  enriching  any  fort  of 
Garden^jroundy  fyc,  to  a  very  great  ImproTemeoc  of  every 
fort  of  Land  for  Ufe  and  Profit,  Ornament  and  Delight. 
lUuftratcd  with  Sculpcnres.  The  Fourth  Edition :  fiy 
J.  IVorUdi^j  Gent.     Price  2  u  6  J. 

The  Devout  Cmmufdant  Exemplified  in  his  Brhavionr, 
Before,  At,  and  After  the  Sacrament  of  the  Lord's  Supper  ; 
iVaftically  fuited  ro  all*  the  Parts  of  that  folemn  Ordinance. 
The  Ninth  Edition.    Ptice  is.  6d. 

The  Wboie  Dnty  of  a  ChriftiaB  :  Containing  all  thin^  ne* 
ceflary,  both  as  to  what  He  is  to  Know  and  Do  for  obtaming 
a  Happy  Eternity.    Price  it.  6  d. 

An  JnfrBible  Wij  to  Cmtetitmem  \  In  Two  Parti  CompIeaC. 
Trice  2  /. 

An.Expofition  of  the  CbKrch^atethtfin^  with  Scriptnre- 
Proofs  in  Words  at  Length.  The  Second  Edition.  Fr.  1 1. 6(f. 

The  Church  of  EigUfi£s  CommuMicamj  Direfted  and  At 
filled  by  the  Publick  liturgy,  in  7^""'    Price  6d. 

The  Terrible  Stormy  Wind  and  Tempeft,  which  hapned 
Nov.  27*  1703.  Confider'd,  and  ought  to  be  bad  in  Ever* 
iafiini  Remembrtuiee  j  To  which  is  added  Fair  Wemi^g  to  a 
Carelefs  Worlds  Price  6  d.  Thefe  Six  were  all  Written  by 
the  Author  of  the  DevoutCommwiicant. 

A  Diicourfe  concerning  the  Ceruinty  of  a  Fmure  and 
Immortal  State.  In  fome  Moral,  Phyfiological  and  Religioui 
Confiderations.    By  a  Doff  or  ofPbjfick*    Price  2i.  6d. 

A  Manud  of  Private  Devotions^  with  Dlreftions  for  the 
Sick:  By  the  Right  Reverend  Father  ra  God,  £.  Andrews^ 
Late  Bimop  of  Wmhcfier,    Price  i  s.  6  d. 

New  Oifervations  on  the  Natural  Hiflory  of  tMs  W6rld  of 
Matter^  and  this  World  of  Life-,  Being  a  Philofophical  Dif- 
courfe,  groonded  upon  the  Mofaic^  Syftem  of  the  Oreariom 
and  the  Flood  ^  Wich  fome  Thoughts  concerning  Parsdife^ 
the  Con/Uffation  of  the  World,  a  Ttcatife  of  l^eteoroi^,  and 
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BOOKS  Sold  hy  W.  Freeman.' 

fisme  Occafional  Remarks  upon  fame  kte  tbcorhs,  Cwfereaces 
md  SffajfS*    Pfice  is.  6Ju 

The  Atuiiomj  of  the  Einhy  in  4^*  Price  6  i*  Thcfe  Two- 
were  Written  by  Tbo.  S^binfm^  Reftor  of  Omkjf  in  OunberUutL 

A  Dtfcourfe  of  Ndtural  and  KcvedTd  KeliiioM*  By  Mr. 
r.  NoMr/ir,  in  8^    Price  2  s.  6  (L 

The  Urn  oi  Ndure  and  Satians:  Written  Originally  in 
latin  by  S.  Paffefdorft  Councellor  of  State  to  the  late  Ring 
of  Sweden.  Done  into  Eaglifli  by  Mr.  Keimeru  In  Fdio. 
Friee  i  /• 

A  CempteM  Hffiory  ef  EngUnd^  from  before  the  Gonqacft 
to  the  Death  oC  King  WiUism  the  Third ;  With  the  Efficiei 
of  ail  the  Kings  and  Qaeens,  Curioufly  done  by  the  beft 
Hands.    Fn  Three  Volumes,  Folio.  ^ 

The  Whole  Criric4/  Works  of  Monfuiir  Rafin^  In  Two 
Volumes :  Done  into  EngliOi  by  feveral  Hands.    PrUe  13  x. 

The  Comfleat  Body  ofSmierji  by  Knr^/on^  In  B^.    Prke  6 1. 

The  Complect  Sur^ew^  with  a  T  cacife  of  Bandages^  and 
manv  Copper  Cuts :  By  Monfienr  Le  Ckrc.    Price  41.  6  J* 

Txit  AMtemp  of  Hwmene  Bodiet  Improv'd,  according  to 
the  CiretUum  of  the  Bloody  and  all  the  Modem  Oiiboveries : 
By  Monfieiir  Dionm^  Chief-Surgeon  to  the  late  DiMpbinefi^ 
and  the  prefeot  Dutchcfs  of  Bttr^imdy:  Done  into  Engjiw 
and  Illttftrated  with  Figures.  Price  6  s. 
.   The  Rnmpr  Hifiihi  ^Q  ^<^  Volnmes  Cotpplcsit.  Pr.xk 

Cbdmn  of  fTr/i^ni :  Done  into  Englifli  by  the  RcVer6ii 
J)f.StMb9pe9  Dcin  o(  Catuerbwj.    In  Two  Volumes. 

.QtuurUis  Emblems^  a  Curious  Edition  thereof.  Price  5  /• 

Siefi  ef  Afcettfim  to  Ood :  By  the  Famous  Cardinal  Bet* 
iarmine^  Done  into  Englifh  and  Reformed,  by  the  Reyercod 
Mr.  H$0  of  ffdmpfiead.    Price  ts.  6d. 

A  New  j/oy^iiie  to  the  Levrnti.    Price  $  t* 

A  Nem  Voja^e  to  italy^  In  Two  Volunus.    Price  la  /. 

A  New  H'tih  German  (rrmnmar :  By  Mr.  Kra^  Matter  of 
that  Language  in  Limdoiu    Price  2  '• 

Miege^i  Laft  and  Beft  French  Grgmmey^  In  V^.  Price  3  s. 
•——His  Grammer  for  Foreigners  to  Learn  EogUfh  Pr.  %  /• 

A  Nem  Treatife  of  Aritbmeticli:  In  Three  ParU.  The 
Firfly  Containing  all  the  Common  Rules  of  Arithnetu^^  n 
Whole  Numbers  and  fraSionst  both  Vulvar  and  Dechtdk 
The  Second,  The  Demonftration  of  thofe  Rules.  The  Ibird^ 
The  Ufe  and  Application  of  it  in  the  Exchequer^  Cufiom* 
Hanfcy  Encife,  Pnf^ffices,  8cc  With  fomc  Praaical  JMes^ 
Notes  and  Qiieliiont  not  hitherto  Pabliflied.  By  (f.  Aiiii^i 
TeadUr  of  the  JdMbemasickt.    In  8"^* 
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